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Environmental Systems and Technologies. (Iphas been subjected to the Agency’s peer and
administrative review and has been approved for‘« publicaticn as an EPA document.

7

™

"

—

™

m 1

7

I s

[ 2 |

1

E-4

oy




3

=

3

e
[

3

P
£

1

Y

FOREWORD

The J.S, Environmental Protection Agency is charged by Congress with protecdng the Natlon's
fand, alr, and water resources. Under a mandata of national environmental laws, the Agency strives to
fomidlate and Implement actions leading to a compatible balance between human activities and the
abxhty of natural systems to support and nurture life. To mest this mandate, EPA’s research program is
prowdlng data and technical support for solving environmental problems today and building a sclence-

knowiedge base necessary to manage our ecological resources wisely, understand how poﬂutants affect

our health and prevent or. reducs environmental risks In the future.

The Naﬂonal Rlsk Mmgemem Research Laboratory Is the Agency's center for lnvesﬁgation of
techno(ogical and management approaches for reducing risks from threats to human heaith and the
enwronment The focus of the Laboratory’s research program Is on methods for the prevention and
control of pollutlon to aIr land watef, and subsurface resourcss; protection of water quality in publlc

water systems remedlatlon of comaminated sites and ground water; and prevention and control of '
indoor air pouution

he goa! of this research effort Is to catalyze development and zmplementation of
innovative, cost—eﬁeetfve envwonmental techndogles, develop scientific and engineering information
needed by EPA to support regulatory and pallcy decisions; and provide technical support and
information transfer to ensure effective imptementation of environmental regulations and strategies. -

This publication has been produced as part of the Laboratory’s strategic long-term research
plan. It Is published and made available by EPA’s Office of Ressarch and Development 10 assist the
user community and fo link researchers with their clients.

E. Timothy Oppeit, Director
National Risk Management Research Laboratory




ABSTRACT

This assessment identifies the environmental impacts and usage trends of shop towels In the
printing and automotive repair industries.’ The shop towels are used to clean equipment and to Wipe up
contaminants for a variety of operations. Four types of shop towels were evaluated; woven, nonWwan.
paper, and rags. The resource requirements and emisslons during the manufacture, usage and disposal
of each shop towel were compared, with prlmary focus on the usage and dlsposal of shop towels.
Woven towels that become contaminated from \usage are deaned at Industrial laundries and are a
significant contributor to the ccmaminam‘loadlng of quuld dlscharges from the laundries. The cost of
cleaning woven towels at Industrial laundries is increasing as lo&l regulations restrict the allowable
contaminants in the liquid discharge. The pnnting industry continues to use woven tcwels rather than
nonwoven and paper towels and may use alternative towel c!eaning methods in the future The
. automative repair Industry continues to use woven towaels, but is siowly converting to nonwoven and
paper towels due to their adequate @apabmhty and low cost. This report was. submitted in fuiﬁllment of
Contract No. 68-C4-0020 by Lockheed Martin Enwronmental Systems and Technologies under the
sponsorship of the United States Envuronmental Protecﬂon Agency Thig report covers a period from
June 1994 to September 1995 and the work was completed as of Septembef 30 1995 ‘
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SECTION 1
EXECUTIVE SUMMARY

Tﬁis document presents an environmental assessment of shop towel usage in the automotive and
printing industries. Three interrelated sections are presented in the main body of the document; inventory
assessment, impact assessment, and conclusions.

The'U.S. EnvAironme'ntal‘ Protection Agency (EPA) Office of Water is developing effluent discharge
regulations for the industrial laundry industry. The laundries are primarily engaged in supplying and
cleaning umforms woven shop towels, and similar items to industriai and commerc:al clients. The Offics of
Water is evaluahng the envu'onmental lmpacts associated with woven shop towels, whlch are significant
contributors to the pollutant loadmg of industrial laundry effluents. In developmg the efﬁuent regulations,
the Office of Water has’ requested assastance from the Nahonal Rsk Management Rssearch L.aboratory in
collecting shop towal usage and emissions mformahon

1.1 ASSESSMENT METHODOLOGY

I

Streamiining Process

* This environmental assessment ufilizes the methodology for life cycle assessment (LCA) as
described by the EPA (EPA, 1993), but a full LCA was not conducted. Several "streamlining” techniques
were employed to reduce the time and resources required to analyze the potential environmental impacts

from the usage of different types of shop towels. The following streamlining techniques were used in this
assessment

+  The EPA describes four subsystems in an LCA (raw materials acquisition, manufacturing,
industrial usage, and post usage) that are normaily ahatyzed in similar detail. This assessment
- provides a brief analysis of the raw materials acquisition and manufacturing subsystems with a
detailed aharysis of the industrial usage and post usage subsystems.

+« The LCA process analyzes each subsystem for inputs (raw matenals, energy, water) and
emissions (air emissions, liquid discharges, solid wastes, coproducts). This assessment
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analyzed the energy and water mptns for all subsystems, but an analysis of
emissions was conducted only for the industrial uSage subsystem.

o The raw materials acquisition subsystem of an LCA would normally quantify the
environmental emissions starting with extraction of raw materials from the earth, stich as
pumping of, cutting trees, and pianting cotton. The starting point of the raw material
subsystem for this assessment was the rnatenals used to produce the fibers for the shop
towels.: : ‘ " ‘

o This assessment focused on the drﬁ‘erences among the shop towels, therefore areas of
similar energy and water usage among all shop towels were not exammed in detail. For \
example, the energy for transportaﬂon of shop towels from the manufacture polnt to the
user was considered similar for all shop towels and therefore was not quannﬁed

e The Impact assessmerit Is based on quantified pollutant emissions. in the industrial usage
subsystem, and estimated pollutant emissions in the raw materials, manufacturing, and the
post usage subsystems.

» The shop towels analyzed were limxted to the most commeon types currently used in the
automotive and printing Industries. |

 Inventory Assessment

Basis of Comparison—
The following shop towel categories were. -evaluated:
. ‘ Woven towels (cotton/polyester blend)
. Nonwoven towels (wood pulp/polyester blend and 100% polypropylens)
«  Paper towels (wood pulp with binders) |

. Rags (cotton/polyester blend, equ'rvalem to woven towels)

The woven towel Is defined as a finite reusable item. Nonwoven towels, paper towels, and rags
are assumed to be single-use items and of high quality to make towel capabilities equal and comparable
to the woven towel. The woven towel was selected as the basis for establishing a shop towel cleaning
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proficiency due to its extensive use In both the automotive and printing industries. Shop towel usage
rates are highly Vaﬁable due to the variety of tasks performed In the automotive and printing industries,
the material diﬂ‘erences among woven, nonwoven and paper towels, the wide range in rag quamy and
the personal preferences of shop towel users.

System Boundary Definitions— ,

Fi igure i -1 illustrates the reiationshlp between the shop towel system and the four subsystems:
raw material acquls:tlon shop towel manufacturing, industrial usage (Including laundering for woven
toweis), and post usage (disposal). Specrﬁc environmental information was collected for the industrial
usage and post usage subsystems. A general analysis" was conducted for the raw material acquisition
and shop towsl' manufactuﬁng subsystems. Data sources of inputs and outputs for each subsystem
included indusfry Information obtained by questionnaires and interviews, technical literature, and
government publlwtlons. Shop towel manufacturers and suppliers with a dominant market share at the _
time of this assessment wers contacted for data. A database recen’dy developed by the Office of Water

‘was also used to compde information regarding industrial laundry effluents. The raw materia! acquisrﬂon

subsystem begins with the activrties required to obtain raw materials to produce ﬁbers for the shop
towels. In the shop towel mnufactunng subsystem raw materia!s are processed into ﬁbers that can be

subsystem are
conducted. Pote
addressed in

‘ation to general impact. subwtegones.
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1.2 RESULTS

Water Usage

‘ Woven towels and paper towels require similar life cycls quantities of water (1V8.000 and 16,000

pounds per 1,000 towels, respectively). Nonwoven towels require less than 3,500 pounds of water per

1,000 towels. The raw material acquisition subsystem accounts for the majority of water usage for both
woven toWels and paper towels. Water usage for woven towels is dominated by the product!on of

cotton. Water usage for paper towels Is dominated by the manufacture of butadlene and styrene
binders. ' Lo o

The lrfe cycle energy requirements are highest for paper towels (950,000 British thermal umts
(Btu) per 1,000 towels), followed by nonwaoven towels (520,000 to 860,000 Btu per 1,000 towels; |
dependent on composition). Woven towels required the least amount of energy (72,000 Btu per 1,000
towels).- This lnformaﬂon is in a summary of energy requiremants in Table 3-6. Prlmary energy usage
for all shop towels 6ccurs in the raw material acquisition subsystem. Energy requirements for the
nonwoven and paper towels is dominated by the processing of petroleum-based fabrics and binders.
Although the energy required for a single woven towel usage cydis is roughly similar to the energy
required for a sxngle nonwoven and paper usage cycle, the net energy usage for woven towels is low

due to thaeir reuse.

Emissiong RN

In the raw nuaterials acquisition subsystem, the production of wood pulp Is the primary source of
environmental -emissions for all shop towel categoriss analyzed, followed by petroleum product

manu‘factuﬂng"‘fand cotton production. However, emissions related to shep towels account for a very |

small percentage of total emissions from thess industries. The wood pulp manufacturing process for the
nonwoven and paper towel generates wastewater with biochemical axygen demand (BOD) and total
suspended solids (TSS) loading. Alr emissions may include reduced suifur compounds and volatile
6rgarics stch as chloroform and methanal, depending on thé process used to manufacture wood pulp.
The manufacture of petroleum products which are used in woven, nonwoven and paper towels produces
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airborme and waterbome organic emissions. Cotton production may resuit in fertilizers, herbicides and
pesticides in field runoff (liquid effiuent).

The primary activitles of fiber production, weaving, matting and packaging resuit in relatively
minor emxss&ons from the shop towel manufactunng subsystem. The wet laid process to convert wood
pu!p to a fiber for nonwaven and paper towels generates wastewater wrth BOD and TSS loading.

The washwater effluent from woven towel laundering ls the only significant liquid discharge in the
industnal usage subsystem. Woven towels account for a small fraction of the articles cleaned Ina
typical industrial laundry, but are responsnb(e for the majority of the contaminant loading (organics,
Inorganics and metals) in the waste water effluent. Treatment of the effluent to remave contaminants -
may occur at the industrial laundry or at a publicly-owned treatment works (POTW). The capability for
contaminant removal at the industrial laundry or the POTW is dependent on local regulations, and'is
highly variable throughout the Unrted States. -

Air emlssions In the lndustﬂal usage subsystem are pdmari!y from evaporation of volatile
contaminants collected on the shop towel Volatile organic compound (VOC) emissions can occur
during handling and. storage of all types of contammated shop towels and during the washing of woven
towels. Sotvent washing of woven towels results in a minor increass in VOC emlssnons compared to
water washing. (Herod 1995)

Disposal of shop towels and sludge occurs in the post usage subsystem. The weight of sludge
from washing woven towels (88 pounds per 1,000 toWels) Is similar to the weight of contaminated single-
use towels (68-74 pounds per 1,000 towels) entering the landfill. The sludge from woven towel washing
contains an average of 22% water. Single-use towels (nonwoven -paper and rags) do not contain the
‘water associated with woven towel sludge but the shop towel enters the landfill along with the.
contaminants. Hags.have the greatestdispo.sal weight (110 pounds per 1 ,000 toweis) due to single-use
and higher towel density:compared ;to\nomvo,Ven and paper towels.

S!udge'generated from the water washing of woven towels Is commonly sent to municipal
landfills, while the sludge gederated from solvent washing cf we\(en towels is incinerated.- Single-use
‘shop towels, along with the contahinants, are sent directly from the.automotive or printing shops to
landfills. Incineration of single-usa shop towels is uncommoen due to hlgher costs as compared to

1-6

|

L

e T e B e B

e T s B

1

i

r

£




1

L

3 03

SN T

N

1

o B

landfills, and Is conducted only when the shop towels cannot be land filled because of regulatory
rwncﬂons.

~ Alr quality impacts were relatively minor for all shop towels. Volatile organic compound

" emissions could result In minor smog generation impacts. A small amount of acid rain precursor

emissions are generated during the production of wood pulp.

Adverse water quality Impacts occur in the productlén of wood pulp, producﬁqn of pefroieum~
based intermedlate materials, and woven towel laundering. Common impact areas for all shop towels
include aquatic life, oxygen depletion, and chemical/biclogical content. Aquifer contamination coud
occeur from fleld runoff durihg cotton production. Alterations of water pH -in localized areas may occur
due to wood pulp production and cotton cloth production. -

Adverse human heaith impacts occur primarily through Inhalation or ingestion of contaminants.
Irritant/serisitizer effects and respiratory effects resuiting from airbome pollutants are the most common
impact areas. Dermal contactf of pesticides and herbicides during cotton production has the potential
for gastrointestinal and reproductive effects. The variety of organic compounds (cleaners, lubricants,
etc.) assoclated wnh all shop towel usage may result in exposure to potential wcinogens which will
affect the liver, k:dneys and central nervous system.

1.3 CONCLUSIONS

The following conclusions have been reached through the evaluation of the shop towel Iife cycle
and offer a “snapshot® of current shop towel usage, becausa the industry Is changing as different.types
of shop towels compete for a share of the market The composition of a shop towel will affect the
resource requirements for manufacturing and uitimately the type of waste generated from towel usage

. and disposal.
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Inputs - .

The total water requirements were simiar for woven and paper ‘towéls, and were about ten times
greater than for nonwoven towels. Laundering woven towels s usually regarded as a large water
'consumpﬂon process, but the wet laid process for manufacturlng paper towels consumes more water
than the laundering process for woven towels. Woven towels have the'lowest relative energy
requirement due to their capacity for réuse. The range of reuse capability for woven towels is normally
8-18 cycles. This report assumes 12 reuse cydes for woven towels based on interviews with personnel
In the automative and pnnﬂng lndustries. ‘ ‘ '

Qutputs

The method used for disposal of shop towels and contaminants will vary depending on the type
of towel and the type of washing pefforrned; The type of sludge generated from woven towels Is also
dependent on the type of washing performed. Waven, nonwoven and paper towel wastes generated
from the Iindustrial usage and post uéagé subsystems were similar In total weight. However, the volume
occupled in the landfill Is variable because woven towel waste Is primariy in the form orf sludge. while
nonwoven and paper towel waste consists of the towel and contaminants.

Uquid discharges to the environment are generated during woven towel washing because the
effluent treatment process at the 'léundry or the POTW Is not 100% sfficlent In removing
corrtaminaﬁts. The effluent treatment processes can also vary depending on the capability of the
treatment system and the location of the laundry or POTW.

Environmental impacts from woven towel usage are greatest In the Industrial usage subsystem,
which Is consistent for reusable materials. Water quality Impacts occur becauss processes for treating
laundry effiuent do not remove all contaminants from the water prior to discharge.

Environmental impacts from nonwoven towel usage occur primarily in the raw material
. acquisitlon and manufacturing subsystems, which Is consistent for single usage materials. Impacts
. associated with nonwoven towels are dependent on the materials used to manufacture the towel. The
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manufacturing process for nonwoven towels that contain petroleum-based materials generates air
emissions composed of organic compounds. The manufacturs of nonwaven towels that comtain wood-
based materials generates air and water emissions that could contain suifur and chiorine compounds.

The environmental lmpects from paper towel usage occur primarily In the raw material
acquls:tlon and manufacturing subsysterns, again conslstent for single usage materials. The conversion
of wood to cellulose acetaze Is responslble for the rmjorlty of alr and water qualxty lmpacts associated
wrth paper towel usage.

Envlronmerrtal lmpacts attributable to the post usage subsystem are simiar for all shop towels.
The contammants generated from the woven towsl usage are dlvlded between sludge mei enters the _
landfill (>90%) and llquid dlscharge that enters the environment (<10%). All contaminants on the szngle—
use towels will usually Merthelandfﬂlw:ththetowel The prln’arydlffefencebetween dlsposal of
sludge that ls generated from woven towel launderlng and dlsposel of single-use towels with their

assoczated contamlnants ls the volume occupled In the landfill, The single-use towel/contaminam

combnnation has a lower densrty than the woven towel sludge and will occupy a larger. volume in the
landﬁll ; :

The use of solvent washlng for woven towels has the potential to s:gnrﬁcemly reduce the amount

- of sludge sent to the landfill since the sludge from solvent washing is usually Inclnerated. Howevef, the
‘ mcmeratlon of solvent washlng sludge will result ln a small increase in air emissions.

There were no distinct human health impact differences noted among the shop towels. The by-
products of shop towsel production and uss have towel-dependent lmpacts, but it Is not feasible in this
assessment to determlne a clear dlstlncﬂon of the |mpact drﬁerences for the shop towels.

1.4 sHop’ TOWEL Usace TRENDS |

The pnnﬁng Industry prefers to use woven towels becauss the towels have the desired durability

’ and leave minimal lint on the printing rnachlnes. Nonwoven and paper towels are less durable than
- woven towels and those that utilize wood puip may leave behind excessive lint, whlch Is not acceptable
o "'to the pnnters Polypropylene nonwoven towels do not generats lint and may have a niche in the
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printing industry i norwoven towels can rna‘tohithe waoven towet in abeorbe.nceand strength
characteristics. ‘ | *

The type of shop tcwel used in the automotive lndustry Isin ﬂux. Woven towe!s contInue to be
dominant, but are bemg replaced as laundering costs lncrease Several national automobde service
companies have recerrdy changed from woven towels to paper towels. Used paper towels are not -
typically examined to determine if they are a hazardous waste even though the towels may contain
hazardous contaminants. The office of Soud Waste I8 currently evaluating whether a shop towel is a
hazardous or non-hazardous waste for both dlsposable and reusable towels. The municipal landfil
disposal costs for these towels are usually Iess than the Iaundenng costs for woven towe!s.

Nonwoven towels made from polypropy1ene have recenﬂy been marketed as reusable In
applications where a large quanttty of low viscosxty Ilquid Is used wnnger machlnes are sold wrth the
polypropylene towels to remove accumulated llqulds at the usage szte. allowing reuse of the towel.
‘Waven towels could also be used with wringer machines, but few woven towels are currentty used In
this manner. The wood pulp and polyester nonwoven towels and the paper towels do not have the
durabilly necessary for mulﬂple reuse cydes through a wringer machine.

Rags continue to maintaln a small niche role which ls not expected to change The supply of
high quality rags Is limrted and any Increase in’ usage wouid probably resutt ina pnce Increase due to
supply and demand. The higher price would then restnct rag usage, maxntaimng the small niche role.

Local regulat]ons for pretrmnent of Iaundry efﬂuent vary across the country resulting in a wide
range of effluent treatment @epabiity at the laundries and variable woven towe! rental rates. Laundries
which are required to Install effluent pretreatment systems to meet local regulations are anticxpated to
pass these costs onto the customer, therefore the laundering cost for woven towels will increase and
towel users may seek attemattves such as sIngie—use towels. lndustﬂal laundnes are also increasingly

reluctant to accept woven shop towels wrth hazardous contamlnants due to tha adverss impact on the

laundry sffluent. This type of shop towel may be sent to sotvent washing facilities In the future as the
cost of water washing .continues to lncrease however, sotvent washlng is currently Iimrted In geographic
avax!abrhty The cost of solverit washmg is currenﬂy about 15-18 cents per shop towel and Is higher than
water washing (12-14 cents per shop towel) but thts difference is expected to close as water washing
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ﬁatéé increasa. These costs account for transportation of the shop towels within a local regicn

(maximum 50 miles to washing facility).

The use of solvert washing for woven towels appears to have less environmental emissions than

water washing. Specific conclusions regarding the environmenttal acceptabiity of scivent washing are
“not provided due to the small number of existing companies that offer the service. The patential
" advantages of sotvent washing Include reduced overall energy Inputs compared to water washing, a
 significantly reduced amount of solid waste, and a reduction in waterbome discharges.‘ There would be
“'an increase In air emissions due to fugitive process emissions, the fuel bumlng requxrad to operaza the
«sdvem washing process, and the !ncineraﬂon of sludge.

In summary, federal regulaﬁons restricting contaminants in laundry wastewater efﬂuent could
result in water wash laundries charging highef prices to clean woven towels if the laundries are requxred
to install wastewater treatment equipment. If the laundries do nct install the equxpment, they may refuse
to accept the tcwele;. The printing industry prefers to use woven towels and if water wash !aundnes
charge higher prices, printers may convert to solvent washing if price competitive. As the qualrty of
singie-use shop towels 'mproves, printers may also consider this option The use of woven towels in the
automotive industry is decreasing due to the increases in laundenng rates and availabtlrty of acceptable
single-use towels




SECTION 2

_ INTRODUCTION

The U.S. Environrhenm‘l Protection:Agency (EPA) Office of Water is developing effluent discharge
regulations for the mdustnal laundty mdustry The Iaundnes are pnmanly engaged in supplying and
-cleaning umfon'ns woven shop towels and similar rtems to industrial and commercial clients. The Office of

Water is evaluating the ermronmental lmpacts associated with woven shop towels, which are ma or
contributors to the pollutant Ioading of industrial Iaundry efﬂuents In developmg the effluent regulations,
the Office of Water has requested assistance from the Nauonal Risk Management Research Laboratory in
collecting environmental mformatzon asoc:ated with shop towel usage. Therefore, an envu'onmental
assessment of shop towel usage ln the automotwe and pnntng industries was conducted to 1dent:fy
environmental lmpacts and anatyze current shop towel usage trends

21 ASSESSMENT METHoooLoé\(

This environmental asessment uﬁ!tzes the methodology for life cycle asessment (LCA) as
described by the EPA (EPA, 1993) but a full LCA was not conducted. Several "streamlining” techniques:
were employed to reduce the time and resources required to analyze the potential ervironmental lmpacts
from the usage of different types‘ of shop towels. The following streamlining techniques were used in this

N
assessmernt:

o TheEPA describes? four subsystems in an LCA (raw materials acquisition, manufacturing,
industrial usage, and post usags) that are normally analyzed in similar detail. This assessment
provides a brief analysis of the raw‘materivals acquisition and manufacturing subsystems with a
detailed analysis of the industrial usage and post usage subsystems.

o The LCA procsss analyzes each subsystem for inputs (raw materials, energy, water) and
emissions (air emissions, liquid diScharges. solid wastes, coproducts). This assessment
analyzed the energy and water inputs for all subsystems, but an analysis of emissions was
conducted only for the industrial usage subsystem.

2.1
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22 DOCUMENT FORMAT‘ |

« The raw materials acquisition subsystem of]an LCA would nommally quenﬁfy the
_environmenttal emissions starting with exﬁacdon of raw materials from the earth, such as
pumping oil, cutting trees, and planting cottcn The starting point of the raw material
'subsystem for this assessment was the materials used to produce the ﬁbers for the shop
towels.
-
'+ “This asséssment focused on the differences’ among the shop towels, thersfors arsas of
" sifnilar energy and water usage among all sihop towels were not examined In detail. For
- example, the enefgy for transportation of shop tcwels from the manufacture pomt to the

"

user was considerad similar for all shop towels and therefors was not quantified.

o The impact assessment is based on quantiﬁed pollutant emissions In the industrial usage
) \ E ubsystem, and estimated pdlutant emissicns in the raw matena!s, manufactuting, and the
e usage subsystems.

Ehe shop towels analyzed were limited to the most common types currently USed In the
utomotive and printing industries.

N\

The remalndef of this document Is organized Into threa sections: lnventocy assessment, zmpact
assessment and condus:ons. The inventory assessment identifies materials, watef and energy used and
the correspc ndlng environmental releases during the life’ cyde of the shop towe!s. The Impact ‘

“asseéssment lexamines the potential environmental and human health eﬁects of the information obtamed

in the invertory assessment. The conclusions summarize results obtained In the inventory and lmpact

- assessments, and also, provide an analysis of current shop towel usage trends.

lnventory Assessment

”Th”:er“‘(e” are many types of shop towels used In ihe automotive and printing industries, and the
towels can vary sign:ﬁcanﬂy in matertal and composition. The shop towels evaluated In this assessment

. wers chosen based on most common usage currenﬁy within the automotive and pnnﬂng mdustnes The

fo!}owing shop towel categones were evaluated:

2-2




. Woven towels (conon/polyester blend) ,

« Nomwoven towels (wood pulp/polyeetef blend and 100% polypropylene) |
o Paper towels (wood pulp with blnders)

+ Rags (cotton/polyester blend, equivalent to woven towels)

The woven towel is deﬂned asa ﬁnlte reusable ftem. Nonwoven towels, paper towels, and rags
are assumed to be single-use ltems and of hlgh quallty to make towel capabiities equal and comparable
to the woven towel. The woven towel was selected as the basis for establishing a shop towel cleaning
proficiency due to lt.s extenstve use ln both the automotlve and print.lng Industries.

The shop towe! system Is divided into four subsystemS' raw material acquisition, shop towel
manufacturing, lndustrlal usage (lnoludlng laundering for woven towels) and post usage (dlsposal)
Specific environmental lnfomxation was collected for the lndustrlal usage and post usage subsystems. A
general analysis was conducted for the raw material acquisition and shop towel manufacturing
subsystems.

The raw material acquisition subsystem begins with the activities réqulred to obtain raw materials
to producs fibers for the shop towels. The industrial usage and laundering subsystem includes activities
in which the shop towel is used, maintained, recondrtloned or serviced. Nonwoven towels, paper

. towels, and rags are used once in the shop. Woven towels have 12 cycles of shop use and laundering.
The standard laundenng process for this assessment is water washing at industrial. laundnes, including
waste watef treatment. An altemaﬂve process. solvent (petroleum dlstlllate) washlng, ls bneﬂy analyzed.
The post usage subsystem beglns ﬁtef the shop towel has served its mtended purpose at the shop and
is transferred to a disposal. faczllty

erauseeﬁm

The impact assessment [s based on air emissions, llquid discharges, and solid wastes identified
in the inventory assessment of the four types of shop towels Potential environmental impacts for each
_ subsystem are Identified, but quantrﬁmtlon of the lmpacts assocxated with these subsystems was not
conducted Potentlal enwronmental lmpacts and toa llmrted extent. human health lmpacts wers
. addressed in relation to general impact subcategones
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The conclusions sectlon is composed of four primary sections; comparison of inputs,
comparison of emissions, environmental and human health impacts, and shop towel usage trends. The .

water and energy usage for each shop towel category are compared to determine resource

requxremems m sach of the four subsystems. The corresponding solid waste generated during shop
towel usage ls then compared A quamaﬁve comparison of environmental and human heaith impacts is
presented to highnght differences among the shop towel categorles. - The current usage trends of the
four shop towel ategones In the automotive and printing industries are compered to determme the .
,poterma! impacts of regu!aﬂon on the industrial laundnes.

24




~ SECTION 3

INVENTORY ASSESSMENT

* This Inventory assessment is based on the methodology described In the EPA document Life-
Cycla Assessment: Inventory Guidelines and Principles (EPA, 1993). A full inventory assessment as
identified In the Life-Cycle Asssssment Guidelines was riot conducted; the assessment used streamlining
techniques to anatyze the potential environmental impacts from shop towel usage. The dtvefsrty of the
type and usage patterns of shop towels requires that the level of detal In this assessment Is restricted to
identification of those dominant inputs and outputs that will change when various shop towel usage
scenarios are analyzed. The areas emphasized In this study are shop towel usage and d!sposal Raw
material acqulsmon and manufacturing of shop towels are investigated to a lesser degree.

3.1 PURPOSE

The purpose of the inventory assessment is to provide information regarding the resource
requiraments and environmental emissions associated with different types of shop towels. The shop
towel categories selected are woven towels, nonwoven towels, paper towels and rags. The information:
in this section will be used to compare environmental and human health impacts of the four shop towel
categories. = '

3.2 BASIS OF COMPARISON

A basis of comparison Is required to ensure an unbiased assessment of the shcp towels. This
inventory assessment was conducted on the basis of 1,000 shop towels manufactured used and
V dlsposed in the United States. Water usage (pounds/1 000 shop towels) energy usage (Btu/1 000 shop
towels), and poliutants released (pounds/1,000 shop towels) are identified. The Uniform Textile Services
Associatlon (UTSA), formerly known as the !nsutute of Industrial Launderers, represents about 80% of
the industrial laundering operations that rent woven towels The 1892 Customer Profile Analysis (CPA)
conducted by the members of the UTSA identified the customer base for rented woven towels. Forty
industries, representing 1,772 shop towel rental accounts, were identified in the CPA by the major
“grouping within the Standard Industrial Classification (SlC) codes. The top thres of the forty industrial
laundering customers are shown in Table 3-1. These three industrial laundering customers make up
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almost half of the total customer basa for the woven towel rentals and contribute the heaviest .

comamlnant loading to the Industrial laundrles.

TABLE 3-1. 1992 WOVEN TOWEL USAGE.

o Percent of chen Towel
L ’ “ Major Grouping o ‘Total Usage
["Atto Repalr, Services, and Parking 1 25.4
"Automotive Dealers and Gasaline Service Stations 146
M Printing, Publishing and Allied Industries | 82

nfonnatlon regarding the usage of shop towels was obtained from the three industries listed in

Tabl”3-1 (an 1987):

Ammg;rvg Rgpg A §g ices, and glx ng, SIC Group §«Thls group includes establlshments

- primanly engaged in fumishlng automctive repalr services to the general public.

lerg 2 oline Servi tions. SIC Gr ~This group includes retaﬂ
dealers selling new and used automcblles. boats, recreatlonal vehrdes, utility trailers, and motorcycles

“ &nd gasollne service stations. ' Automobile repair shops maintained by ‘establishments engaged in the

sale of new automobiles al'e also included.

.

‘Println‘ Publishi Allled | l 7-This group includes establishments

o engaged in prlnﬂng by one or more common processes, such as letterpress lrthography (indluding
offset) gravure, ;Of screen; and thosa establushments which perform services for the printing trade, such

as bookbmdlng land plate-making. -

There are many types of shop towels used in the automotive and printing industries, and the
towels can vary significantly in material and composition. The kind of shop towel used deperds on

3-2




many factors lndudlng type of rask, deaner used (Tf any) costs and personal preferencs The shcp
towels evaluated in this assessment were chosen based on the most common usage currenﬁy within the
automotive and printing industries.

‘ The types of shop towels evaluated and a description of towel corhponems Is listed In Table 3-2.
The compbnems,' pe‘rbentages, and welghts were obtained from amo?nottva and printing companies and
-manufacturers supplied information. The shop towels were chosen based on requlremems preferences
and usage by the automotive and printing industﬂes.

TABLE 32 smp*rowa.s EVALUATED .

Type ‘ Component Percentage ‘ 1,030 TSMJ:/
Polyester 10 ‘ 8.28
© Total . _ o100 6250

e T

Woven Towels—
The woven towel is defined as a finite recyclable resource with 12 usage cycles. The towel

typically has the following characteristics:

3-3
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Size—Common sizes for woven towels range from 14 inches by 14 inches to 18 inches by 13
inches. o ,
o M—me compés’:ttoh varies, but the majority of woven towels now In use consist of a blend
of cotton ( 65-90% ) and varying amournts of polyester, rayon, and acrylic depending on cost and

. avadabﬂity A s!gnrﬁmnt portion d the fibers used in manufacturing woven towels are "seconds”, a lower

grads of ﬁber
- Wei gm—-Tha typwal wmght of the woven towel can range from 0.5 to 1.5 ounces.

Thls assessment assumes a woven towsl of 90% cotton and 10% polyester that measures 18
Inches by 18 inches and weighs 1.0 ounce.

Nonwoven Towe(s-—

The' nonwoven towel I8 defined as a smgle—use tem (aithough new types of nonwoven towels
now on the ‘market can be reused) and has the following characteristics:

IR

§_Q—N0nwoven towels are avaﬂable in various sizas depending on the needs of the target

Mgtgggj—Nonwoven towels ars produced from a variety of textile fibers depending on the target -
industry. The towels contain resins used to bind the fibers into fabric. Most manufacturers utilize
proprietary binders. The most popular textile fibers are non-cellulasic (polyester and polypropylene) and
cellulosic (rayon and wood pulp). The latest technology in the production of norwoven towels is 100%
polypropyiene or rayon/polypropylene or rayon/polyestsr blends.

_W_g_igm—The typical welight of the nonwoven towel can range from 0.25 to 1.0 ocunces.

This assessment assumes two types of nonweoven toweis. the first is 65% wood pulp and 35%
polyester that measures 14 Inches by 16 Inches and weighs 0.35 ouncss, the second type is 100%

polypropylene that measures 12 inches by 14 inches and weighs 0.30 ounces.

Paper Towels~
The paper towel Is defined as a single-use item that has the following characteristics:

“ ﬂz_g—Paper towels ara available in vadous sizes depending on the needs of the target industry.

3-4




Materigl-Paper towels are produced from soft woods such as spruce, fur and popiaf The wood
Is processed through a pulp mill to a feit-type mass. The pulp is then converted Into paper at a paper
mill by beating and pressing the fibers together. The paper towels used In the automotive and printing
industries also contain resins that are: ‘used to bind the fibers into a durable fabric.

Weight-The typical weight of the paper towel ranges from 0.25 ounces to 1 ounce.

This study assumes a paper towel of 85% wood pulp and 15% binders that measures 12 inches
by 14 inches and weighs 0.4 ounces.

Rags— ,

Although rags have a role as shop towels, it Is difﬁcmt to obtain consistent numerical values thét
can be supported. Rags of different color, texture, weight and size are commonly used and can be
used once or multiple times before dlsposal Bemuse of the lack of consistency in material usaga and:
the fragmented nature of distnbuﬁon and disposal, only rags possessmg the required size, material
composition and weight were evaluated. This assessment assumes arag with the same composxtion as
a woven towel; 90% cotton and 10% polyestef that measures 18 inches by 18 mches and weighs 1.0
ounce. Rags will be limited to single use prior to dlsposa.l o ’

nce-in 4

Equivalence-in-use is a numerical comparisbn of the cleaning proficiency of the shop towels.
The woven towel was selected as the basis for establishing a shop towel cleaning proﬂciéncy due to its
extensive use in both the automotive and the printing industﬁes. The amount of contaminants that cne
woven towel would contain prior to being laundered is considered equivalent to the amount of
contaminants on non-woven towels. paper towels, and rags’ pnor to dlsposal

Shop towel usage rates are highly variable due to the wide variety of tasks performed in the
f automotive and printing industries, the significant formulation differences among non-woven and paper
towels, the variable 'quamy"‘of rags, and whén‘ the person using the shop towel belleves a new/clean
towel is needed. The type of shop towels used in a cleaning appliication depends on several factors; the
object being cleaned (engine parts, printing press), contaminants removed (grease, ofl, light/dark
printing inks, spills), how clean the object must be, the potential use of cleaning fluid, and the personal

 preferences of shop tovvel users.
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The quality and type of non-woven towel, papef towel, or rag used will affect th.e number of
shop towels required for a specific task. Most nonwoven towels are manufactured for a specific uss,

. therefme many different compositions of non-woven towel (pdypropyléne rayon, polyester, acryllc,

wood- pu!p) are manufactured based on demand. Paper towel features are greatly affected by the type
and amount of b(nder Incorporated. Rags are sorted and sold by composrﬂon and odgm of the rag
(textle mill, used dothing). Each of these factors can determine the quantity and type of shop towel -

used for a specific application.

‘After significant research Into the practices of the automot.iv& 'a‘nd printing industries. a numerical
equivalencs of deanmg abdity for each of the shop towels was considered the only viable method to

conduct an unbiased compaﬂson Therevfore for this assessment, each type of shop towsl is comdered

equ:valent, although itis acknowiedged that "all shop towels are not created equal‘ High quality non-
woven towels, paper towels and rags are assumed to be used to mimmnze the vanabdny in the number
of shop towels used for a particular task. ' L

féia METHODOLOGY A

u
i

‘ An inventory assessment is a data-intensive process that may utilize hundreds of numbei'& In
ordef to ensure proper interpretation of the resuits reported, the system must be properly defined, and
the data sources dearly identified and evaluated. '

Scopa

Each of the four shop towel categories comprise a "system.” Each systeh Is composed of four
subsyétems. raw material acquisition, mnufac‘turing. industrial usage (Induding laundering for woven
towels), and post usage. Figures 3-1, 3-2, 3-3 and 34 illustrate the activities within each shop towel

system.
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The shop towel analysis boundary Starts with the raw material acquisition subsystem and
concludes with the post usage subsystem. A general analysis was conducted for the raw material
acquisition and manufacturing subsystems. Specific environmental information was collected for the
Jindustrial usage and post usage subsy‘stema E:dracﬁdn of\:}esqurceaffom the earth (raw materials
acquisition subsystem) and manufacturing of the detergems or cleaning sotvents used to launder the
woven towels (Industrial usage subsystem) are considered outside the boundades of this assessment
and, therefore, are not included. Since !lmtted quanﬁtative Informaﬂon was collected for each of the
subsystems, an overall material balancs was not performed Cost data for the inputs. and outputs were
also outsxde the scope of this assessment. Slgmﬂmnt oost Impacts identified are discussed, but not
quantified.

In order to streamline the inveniory assessmeni process ei’nphasis was placed on identifying the
differencss in inputs and outputs for each shop towel system Input and output similarities among all
shop towel systems have similar environmental effects, and are considered to have no "net" sffect In the
comparison of differences In environmental impacts. For example. transponaﬁon accounts for a small
portion of the total energy requirements and all 'shop towels in this assessment incorporate similar
transportatlon methods and distances. Therefore, transponation impacts are identrﬁed only if a
sxgnrﬁwnt difference among the shop towel systems is noted

Soyrces of Datg ~

The evaluation of shop towels is data-intensive, and data quality can affect the outcome of the
assessment. Therefors, the development of a uniform criteria is crucial for selection and reporting of
data sources and types. Considerations used to evaluate data include age of the data (because the
technology on which data are bassd can become obsclete), frequency of data collection (ensuring that
seasonal changes or other variability in the systsm is properly capfured), and representativeness of the

data (inclusion of the mix of different shop towel activities that may contribute to environmental impacts).

The primary sources of data for the inventory assessment are frcm questionnaires generated by
Lockheed and filled out by industry (Lockheed, 1995), technical literaturs, govei'nment publications,
published Industry statistics and personal interviews with industry representatives. Information from the
1994 Industrial Laundries Industry questionnaire collected by the EPA Ofﬁce of Water was also,
incorporated. Specific and detailed data sources for all steps of this assessment wers not always
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available. This limitation lead to more general and perhaps less accurate data sources, such as
textbooks, pericdicals and public databases, which could lack the level of detail desired.

The Inventory assessment analyzes only the most common shop towels for usage In automotive
and printlng operations. Particular manufacturers and suppliers with a large market shars at the time of
this assessment were contacted for data.

Data Evalyation
From a data perspective, the assessment of the shop towels comprises two parts: a set-of

process and activity measurements where numeric values are available and a set of assumptiohs and
decislon rules for completing the data sets within the various subsystems. Emphasis on data quality is

- focused in the Industrial usage and the post usage subsystems. Assumptions and dec!slon rules -

concserning data were applied with a higher frequency in the raw rnaterlal acquisxtion and the product
manufacturing subsystems. ’

The majonty of data obtained is mdustry data, erther direct facility measurements or indirect
estlmates from published summaries. Thus, the accuracy Is determined by the quality of the -
measurement or estimation procedures used by industry. Many manufacturing facilitles produce several
products in addition to shop towels; thus, engineering estimations are invoived in producmg
representative data specific to shop towel production. Facilities may produce the sama type of shop
towel, but the process, energy usage, and environmental emissions may differ among facilities. Thus,

when data are gathered and averaged, the resulting 'data may not be characteristic of a specrﬁc
production facility.

Conclusions generated by this assessment depend on the accuracy of the inputs and outputs
tor each shop towel system. There are four subsystems in each shop towel system, so there are
multiple numbers added together to arrive at total values. Each number contributes to a portion of the
total value, thersfore the accuracy of an individual number is less important than the overall accuracy of

the total. All numbers were scrutinized to evaluate representativeness of the type of operation or
probess being analyzed.
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Rellability of the data Is especially Important when specific data affects muitiple subsystems. An
example is energy used to manufacture shop towels. Most facilities manufacture muitiple products, and
shop towels represent only a fraction of the facility operations. A consistent breakout of energy
requirements specific to shop towels Is requxred to evaluate lmpacts in the manufacturing, Industrial
usage, and poa usage subsystems.

Data confidentiality was an Issue for thé shop towel manufacturing faciiities. Dus to the small
number of responses from manufacturing facilities, aggregation was limited. Facility specific information
was used to develop aggregate data, but it Is not mciuded as.an appendix in order to protect data
confidentlality. ‘ ’

3.4 ASSUMPTIONS

One of the goals of fhis assessment was to streamline the analysis of environmental impacts that
may occur based on chahges In the use of automotive and printing shop towels. This was
abcompllshed by utilizing assumptions and decision rules when specxﬁc information was unavailable, ar
required an Inordinate amount of effort to collect. |

The results In this study are based only on shop towels manufactured, used, and disposed
within the United States it should be noted that information from the Department of Commercs
indicates ;hat imported woven towels account for 35% .of the industrial woven towel market and are
assumed to be manufacturéd from 10096 cotton. Imported shop towels were not analyzed due to limited

Information availability.

Woven towels and rags typicaily do not utilize as much packaging material as nonwoven and
paper towels. Therefore the nonwoven and paper towels haver 1% added to the total soﬂd waste to
adjust for the Increase from packagmg

The paper towel was inr'rtlally assumed to be manufactured from 100% wood pulp. it was
determined ‘that a shop towel from 100% wood pulp was not a feasible alternative to a woven towel
because of limited durability/strength and excessivé lint. Only one automotive and no printing
companies contacted stated that paper towels were used, and manufacturers of paper towels stated that
the automotive and printing. Industry did not typically use their products. However, several\ ;ompanies in

L
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the automotive IndusW were identified as using paper towels containing 10-20% binders. Therefors the
"paper towels" In this study contain binders. The binder I3 assumed to be a 50:50 butadlene:styrene

" copolymer. This type of binder is most commonly used to increase the strength of paper towels. It is

A

acknowledged that the impacts from different binders could increass or decreass the environmental
impacts of the paper towel in relation to the other shop towels investigated. '

The nonwoven towels, paper towels, and rags analyzed In this study are the *higher quality”
types. It Is'acknowiedged that each of these altemnatives has various quality grades including lower
quality towels In terms of strength/durabillty, absorbancs, and lint. The use of higher quality nonwoven
towels, paper towels, and rags Is assumed make shop towels equal to when compared to the standard

woven towel *

A major assumption is that there "are no sign'rﬁeant resource requirements for the manUf;mtuﬂn‘g
of rags. High quality rags are assumed to be a by-product or "second” of textlle mills and are not
manufactured for specific use in the automotive and printing Industries. The supply of these rags is
limited and therefors would not be feasible for all shop towel users to switch to this aitemnative. :

'About 85% of all woven shop towels are sold to industrial launderers and linen suppllers who -
rent the towels to commercial and industrial estabiishments (L, 1988). Woven towels are assumed to’

" have 12 usage cydes through the industrial laundry and then are designated as low quality rags or sent
: to the landﬁll The. range of values obtained from literature and interviews was from 6 to 15 usage’ cydes
' depending on the sourcs of the information and the task performed with the woven towel. There are

. two Iaundenng optlons for woven towels: water washing and petroleum based soivent washing followed

by water washing: ‘Woven towels that are solvent washed may have mora usage cycles due tothe

muder deanlng cyde. However, 12 usage cycles were assumed for both laundering opt!ons to maintain
-~ consistency.

W

-
Two' categédes of energy are typically quantified; process and transportation. Process energy is
the e‘nergy‘reqmred to operate' equipment, Including such items as reactors, heat exchangers, mixers,
pumps, bicwers, and bollers. Transportaﬁon energy is not quantified unless significant differences are
identified between the shdp towel systems. Within each subsysiem. quantities of fuel are converted into
energy equivalents. Power utilities typically use coal, nuclear pcwer, hydropower, natural gas, or oil to
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generate eiectﬂcrty For this evaluaﬂon the resources used for power generation are based onthe
naticnal average provided by the U.S. Department of Enefgy '

35 SYSTEM BOUNDARY DEFINITJONS

Each shop towsl has an independent system boundary that Is further divided lnto four
subsystems: raw. materlal acquisition, product manufacturing, industrial usage, and post usage Each
subsystem will have lnputs and outputs, with some of the outputs becoming inputs for a subsequent

subsystem. Other outputs, such as air emlss!onsand liquid discharges from product manufacturing, will

leave the boundaries of this assessment.
Raw Material Acquisition

The raw material acquisition subsystem for this assessment Includes activities required to
producs the ﬁbers used in the production of shop towe!s. Raw material Inputs will focus on energy and
water consumption to streamline the assessment process. Several of the shop towels studied contain
similar components {le. wood pulp is- contained in nonwoven and paper towels), therefore the raw
‘rnatenals are not grouped by shop towel type.

Cotton- .

Cotton mputs lndude energy (cuttlvation imgation hawestmg, transportation and gmnmg) and
water (lmgation) consumptlon up to the pomt thax the ginned cotton bales are delivered to the .
manufacturer of the shop towel. The air emissions, liquid, discharges and solid waste from cotton
production wers not quamﬁed Air emissions may include vehicle exhaust, fertilizers, besticides. and
cotton dust. Uquid discharges primarily from agricultural runoff (fertilizers, pesticides, and soi). Solid
wastes include the wastes from the ginning procéss (which may be incinerated, fed to livestock or
disposed in landfils). Fhere Is appraximatety 7,000 Btu of energy per pound of waste generated in the
ginning process, whigh could be used to offset enefg‘y;_requirements of the ginning operation (USDA,

1977). Restrictions on the Incineration of ginning waste are increasing and, thersfore, energy recovery is

not assumed in this assessment (Ghett! and Glade, 1978).
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Wood Pulp—

Woed pulp inputs include energy {harvesting trees, transponation conversion to pulp, pulp
board rnanufacture) and water (conversion to pulp), up to the delivery of the pulp board to tha shop
towel manufacturers. Most trees used for pulp manufacturing are from tree farms (silvicutture), or land
which is replanted (Scott Paper, no date). The significant impacts. from wood pulp production are from
the- wood pulping process. Water usags in the pulping process Is significant, with the majority of the
water discharged aﬁef a single use. On average, d!scherge water contains biclogical axygen demand
(BOD) at 29 Ibs per metric ton of product and total suspended solids (TSS) at 44 lbs per metric ton of
product (EPA,1983c). The pulping Industry uses significant amounts of sodium hydroxide, sodium
sulfide, and bleaching chemicals, but many mifls have incorporated chemical recovery;systems :to ‘
reducs the net usage. Sold waste from the pulping process consists of bark and other wood wastes

~ which are typically used as fuel (knéwn as hog fuel) to power on-site boflers.

Polyester-— ‘ ‘

Polyester is manufactured from crude oil with several chemical intermediates. This assessment
begins with the manufacturing of polyester from dimethyl terephthalate and sthylene glycol. . Polyester
manufacturing uses minimal water and generates minimal liquid discharges and solid wastes. Air
emissions may Include particulates, nitrogen oxides, hydrocarbons, sulfur oxides, and carbon monoxide.

Polypropylene— ..

depropyiene Is manufactured from crude oil and is a by—product of ethylene production. This
assessment beglns with the manufacturing of polypropyiene from propyiene and co-polymers.
Polypropyiene manufacturing uses minimal water and generates mnmmal quwd dlscharges and solid
wastes. Air emissions inay include particulates, nitrogen oxides, hydrocarbons, sulfur oxides, and
carbon monoxide.

Butadiene~

Butadiene Is manufactured from crude oil and has naphtha as an Intermediate. This assessment
begins with the manufacturing of butadlene from naphtha. Butadlene manufacturing uses a significant
amount of water and energy, but generates minimal liquid discharges and solid wastes. Air emissions
may include particulates, suifur oxides, and carbon monoxide.

3-16




Styrene—‘ ,
| Styrene Is manufactured from crude ofl and several Imenﬁedlate processes including toluene,
benzene and ethylene. This assessment begins with the manufacturing of styrene from benzene and
sthylene. Styrene manufacturing uses a significant amount of water and energy due to the Intermediate
manufacture of toluene. Alr emissions may include particulates, nitrogen axides, hydmrbons, sulfur
oxides, and carbon monoxide. The productlon of styrene generates some llquid dlscharges waste
water, but minimal solid waste.

Pr yring:

The product manufacturing subSyste'm_has two primary components, materials manufacture and
fabrication. Materials manufacturs Is the acﬁvrty required to process a raw material into a form that can
be used to fabricate the shop towel. Production of intermediate chemicals and materials Is included In
this mtegory Fabnmtion is the process step that uses raw or manufactured matenal to fabricate the
shop towel. - : " T

Woven Toweis—~ : ‘
Figure 3-5 illustrates the manufacturing process for woven towels. Woven towel inputs include
‘water and energy usage from the intermediate products and the fabrication of the towels. Most
companies use; the same process to weave the cotton and polyestar fabric for the woven towels. "Off
quality” fabrics are non'naily used in the weavmg process. "Off quality” Is an mdustry term that refers to
fabrics or staples that do not mest high quality standards. ‘

F

e B s

L




et LG i e S | R M A Fe - T

R R A

o

L4

i

"9.NJ9BJNUBW [8MO] UBAOM

"G-¢ esnbi4

. " guaikx-d -
~uwsey (13d) | .
-uolieseusn olejeyiydesa |~<—
48q14 13d ausjAylehlod 1 ©
. | susalAyl3 N
vonauisia | - | ”
 pue AI_ GuInBOp |
BuiBexoey — . " r -
‘ _ uoyeseus | - Buiprep | _ uonoD
_ Jeql4 uojjo)) uono) | _ mey

" g

~

S T A I U I

£ J




Nonwoven Towels—

Nonwoven towel lnputs Include water and energy usage during the thres stepe common for
nonwoven towel manufacture; web forming, web bonding, and ‘fabrlc finishing. A large array of synthetic
and natural ﬁbers used in nonwoven towel manufacturing. results in specific properties tailored to the

7 usser applkztlon.

Web forming Is primarily an air lald/reverse creped waddlng and spunbonded/rnelt blown
process. Most webs have Insufficient strength in the- unbonded form. T'he individual fibers or flaments
(webs) must, therefore, be bonded in some way, by glumg. thermally bonding, or mechanically
entangling. The web bonding processes utilized most oﬂen for shop towels include latex resin bonded,
needle punched and spun laced (hydroentangled).

Many nonwoven fabncs have various finishing treatments applled to the webs after bonding.
Treatments include creping and embossmg to soften and lncrease the bulk of the fabrlc. Perforating
processes may aiso be applled to increase the porosrty of the matenal

The two nonwoven towels analyzed ln thls study consist of wood pulp/polyester and
polypropylene. The nonwoven towel rnade fromi. wood pulp and polyestsr is manufactured by the air laid
process and spunlaced (hydroentangled) F‘gure 36 illustrates the manufactunng process for the wood
pulp/polyester woven tcwels. The nonwoven towel made from polypropylene is manufactured by the
meit blown process and thermally bonded. . F’gure 3-7 ilustrates the manufactunng process for the

polypropylene woven towels. . _; e

Paper Towels— \ ‘

Figure 3-8 illustrates the manufacturlng process for paper towels. Paper towel inputs include
water and energy usage in the wet laid manufactunng process. There are several different binders
currenﬂy used. One major group of binders is resin polymers aoryllc styrene—butadlene vinylacstate
ethylene, vinylacetate acrylate co-polymers and acry‘lonrtnle polymers. Many companies consider the
binder they use as being proprletary and/or confidential. The chemrcal blnder used in this assessment
Is a styrene-butadiene copolymer ‘ . '
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Rags—
Rags do not have any lnputs due to the assumption that afl rags in this study are by—products of
textlle mills,

Lt

The industrial usage subsystem includes activitles in which the shop towel Is used, maintained,
reconditioned, or serviced. The transportation requirements are considered equivalent for each shop
towel and are not quanttﬂed Woven towel usage includes shop use and laundering for 12 usage cycles.
Nonwoven towels paper towels, and rags have one usage cycle In the shop

- Automotive Usage—

Table 3-3 Is a list of chemimls in the automotive industry that are likely to be found on used

shop towels. It Is assumed that the VOC:semi-VOC ratio of contaminants‘in the automotive shop towels
* will be 1:3. Cieaners containing chlonnated solvents are no longer used in significant quantities by the

automotive repair industry and are not analyzed Impacts from chemicals (paints, cleaners, resms) used
In automotive body shops are not induded in this assessment, due to the limited quamtty of these
materials accumulating on the shop towels.

TABLE 3-3. PRIMAﬁY SHOP TOWEL CONTAMINANTS FROM AUTCMOTIVE REPAIR SHOPS .

2T ‘ =
: _ Contaminants
© Lithium grease . ‘ aliphatic hydrocarbons

Mator cil (5w to S0w) ‘ aromatic hydrocarbons
Diffsrential oil (SOw to 90w) surfactants
Power steering fluid Petroleum distiliates
Automotive transmission fluid ‘ Glycol sthers
Brake fluid , Sulfuric acid
Ethylene giycol ’ Lead

Sourcs: Personnel interviews with automotive repair shops.

Printer Usage—
- Asmall quantrty of chlorinated sotverits are used in the printing Industry, but increased

- regulation and hlgher prices are resulting in a significant decrease in usage. it Is anticipated that by

3-22




1996 the printing Industry will use an insignificant quantity of chiorinated cleaners; therefore, chlorinated
solvent usage Is not analyzed. Potential substitutes for chiorinated sotvents inciude 2-butoxy ethanol, N-
methyl pyrrolidone, terpenes, low vapor pressure mixtures of allphatic and aromatic petroleum distillates,
and aqueous cleaners with surfactants (EPA, 1994). Table 3-4 is a list of chemicals in the printing
industry that may be found on used shop towels. It Is assumed that the VOC:semi-VOC ratlo of
contaminants In the printer shop towels will be 31

TABLE 34. PRIMARY SHOP CONTAMINANTS FROM THE PRINTING INDUSTRY

‘ ey
Press Cleaners Ink/Vamish
Pstroleumn Distiliates Pigments—
Terpenes Lead | ‘
Hexane Chromium
|| Hoptane Cadmium
Toluens Barfum
Xylene Copper
Ethanol _ Petroleum Distillates
isopropanol Vm&P Naphtha
2-Butoxy Ethanot Lactol Spirits
Acetcne xy‘m o
~ Methyl Ethyl Ketcne Tri-Decanol
‘Glyeol Ethers Soybean & Vegetabie Cils
Ammonia Methyi Ethyl Ketone
AT nes Methyt Isobutyl Katone
Fatty Acids Acstone .
Surfactants . Benzixothiasolin
Acstates ‘Ethylenediamine
' A .| Ammonium Hydroxide .
“Ti ] Acrylate Monomers
Isocyanatess
Acrylic
Vi
Acstates
Esters
~ PResins
Rosin

Source: Printing Industry and Use Cluster Profile, EPA 744-F-34-003, June 1984. -

Automated press cleaners, which allow shonened down time and reduce solvent use, are

replacmg traditional manual press deamng Many news;:aper companies now use dry-type {solvent-
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less) automatic blanket washers. Although scivent-less cleaners do not clean as well as manual ¢r
autgmatlc systems using sotvents, their use will reduce # solvent loading on shop towels.

‘,
it .

L;Laundering- :

- Two laundering processes are analyzed. The standard process Is water washing. A solvent

‘ ;j;~wé3hlng process Is also analyzed due to the recent Increase in usage for printer towels. The soivent

‘used in the solvent washing process is a petroleum distillate (mineral spirits). This assessment assumes

. that the waste water frem the water washing process will be treated and the contaminants wil be
‘removed, either by the Industrial laundry or a publicly owned treatment works (POTW). The sludge
'generated from the treatment process will be a waste.

Post Usage

The post usage subsystem begins after the shop towel has served its intended purpose at the
user facility and is transferred to a different location for recycling or waste management. The majority of

shop towels ara dlsposed into landfills wrth a small amount being Inclnerated

ngen towels enter the‘ post usage subsystem after the 12‘usaga cydes and are recycled to low
grade rags or land filled. The disposal of shop towels requires a determination whether the towels are

‘considerea hazardous or non-hazardous waste. The majority of shop towels to date are disposed of as

non-hazardous waste. However, shop towel disposal Is currently being scrutinized and a higher
percentage of shop towels may be designated as hazardous waste in the future.

: ‘Regulatory Issues—

The Ofﬁce of Solid Waste is currently evaluating whether a shop towel should be considered a |
hazardous or non—hazardous wastes. The following discussion summarizes the existing reguiations and

I kthe complexrty ‘of detenmnmg if a used shop towel is hazardous or non-hazardous waste. Waste shop

the!smay be hazardous by being "listed" as a hazardous waste or by being a "characteristic®
‘ha‘z’érdous waste. A listed hazardous waste contains compounds that are considered hazardous. A
characteristic hay‘_ard‘ous waste exhibits at least one of the following propertles (40~CFR Part 261.20):
characteristic of ignitability (D0O1), corrosivity (D002), reactivity (D0O3), or taxicity (D004 - DO43).
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"Used wipers® (shop towels) are ot specifically listed in'40 CFR Part 261, Subpart D; theréfore
*a wiper can only be defined as a listed waste if the wiper either contains listed waste, or Is otherwise
mixed with hazardous waste" (Shapiro, 1994).

' Regulatory Defintiong~The regulatory status of solvent-contaminated sﬁop towels depénds on
how the cleaning solvent is used as defined In the mixture rule and the “contained-in" policy. The
following four scenarios outline how to define these contaminated materials (Meyer, 1992 and Binder,
1992): : ‘ g | | -

1) Solvents generated, spilled or leaked, and cleaned up with a shop towel:

‘

- Ifthe solvent is Tisted" as a hazardous waste, the contaminated shop towel Is
considered hazardous until it no longer contains any of the listed solvent.

o Ifthe solventis a characterisﬁc hazardous waste only, the con;aminat‘ed shop towel is
" then considered hazardous onty if it exhibits a hazardous characteristic (ignitability,

corrosivity, reactivity, toxicity).

2) Unused solvent product Is placed on a shop towel :amd the shop towel is then used to clean

a su?facé:
« The shop towel is hazardous only if it exhibits a hazardous characteristic.
3) Unused sotvert is spilled or Ieéked and cleaned up using a shop towel:

B e The shop towsl Is hazardous conly if the solvent is a "P* or "U* listed hazardous waste {40
CFR Part 261.33), commercial chemical product, or if. the shop towel exhibits a
hazardous c‘haracteri‘sﬂq. ‘ ‘ L ‘

4) Spent solvent'is discarded by dumping in a drum of soiled shop towels:

e If the solvent Is lTsted, the shop towels are hazardous.

- , ﬂ 3-25
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o If the soivent is characteristic only, the contaminated shop towe! Is considered
hazardous cnly # it exhibits a hazardous characteristic.

If the shop towel Is a hazardous waste based on one of the above scenarios, but is not going to
be dlsmrded but reused Instead (commerciaily laundered), then state-specific policies may becomse
effecﬂve.

‘ _m;_e___;gg—'rhe mixture rule (40 CFR Part 261.3 (a) (lif) and 261.3 (a) (2) (v) and 261 Subpart
C)Is as follows

3 Asolidwasteisahazardouswasterfrtlsamutureofasoﬁdandahazardouswastethaus
' llsted solely becauss it exhibits a characterisdc (See 40 CFR Part 261 Subpart C) and the
‘mixture continues to exhibit a hazardous characteristic. This mixture would notbe a -
hazardous waste if it no longer exhibited a hazardous characteristic.
h
. Asolidwasteisahazardouswaste:f:tlsamoﬁureofasdidandallsted hazardous wasts
. (See 40 CFR Part 261 Subpart D).

| wgm-me éqntained in policy states the following:

| ~ A matrix which contains ; listed hazardous waste Is considered hazardous unti that listed waste
is removed from the matrix.

The previous regulatory. discussion illustrates that a shop towel can be classified as a hazardous

-waste based on what it contains or how the contaminant was put on the shop towel. Hazardous wasts
*'ig regulated to a higher degree (i.e. transportation and dIspoéal in a hazardous landfill} than non- |
“hazardous waste. The amount of shop towel waste generated will not be significantly affected by its
| : classification, but the probability of a contaminant entering the environment is hfghef if the shop towel is

* . disposed of in a municipal landfil rather than a RCRA landfil.
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3.6 RESULTS

The four shop towels analyzed have significant differences in resource requirements and

emissions. The following discussion identifies the variance in inputs and outputs for each shep towel

subsystem.

Woven towels are reused; thefefdre,'inputs 4§a"hd“omputs were adjusted to provide a consistent
comparison for the single-usa shop towels (nomwoven, paper and rag). Since woven towels are
assumed to be laundered and rsused 12 times.‘ appropriate data in the raw materiale, product.
manufacturing and post usage subsystems is dxvided by 12to generate a smgle use” equwa!ent

number

Inpyts

A summary of the subsystem water usage for the woven, nonwaven, and paper towels Is listed
in Table 3-5. The raw material acguisition subsystem a’cebume‘d for the majority of water usage for both
woven towels and paper towels. Water usage for woven towels is dominated by the producﬂon of
-cotton. Water usage for the paper towel is domiriated by the manufacture- of butadiene and styrene -
binders. The wet laid process for manufactunng paper toweis In the product manufactunng subsystem
consumes more water than the Iaundenng process for woven towels. Overall, the woven towels and

paper towels require similar quantities of water. Nonwoven towels have a relatively low water

requirement.
TABLE 38. SHOP TOWEL WATER REQUIREMENTS -
S ' Raw Materiais “Product | Industrial - " Post Total
: - Acquisition’ . Manufacturing + Usage . ' Usage Water
Sub System Lbs/1,000 Lba/1 000 Lbs/1,000 Lbs/1,000 " Lbs/1,000
Towels . Tcwﬂs . Towels | Towds . Towels
Woven 15,700 L3 1880 . | <5 17,700
Non )
Wood /potysster 1,000 2,160 <5 <5 3,160
Nenwoven
Polypropylene 370 <5 <5 <5 370
Paper 13,200 2,570 <S <5 15,800
N 3-27
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- The shop tcwe! usage’ sdmmary for energy Is listed in Table 3-6. The primary energy usage for

all shop towels occurs in the raw material acquisition subsystem, but the energy usage Is dominated by
the nonwcven and paper towsls. A significant amount of energy Is used In the product manufacturing
subsys!em for the nonwoven and paper towels. Overall energy usage for woven towels Is about 10% of
the energy requured for the nonwoven and paper towels due to the reuse of the woven towels.

TABLE 3-8. SHOP TOWEL ENERGY REQUIREMENTS

e " Raw Materiais Product .Industrial- Post Total
v Doy Acquisition Manufacturing Usage .Usage . Energy
. Subsystem Btu/1,000 Btu/1,000 Btu/1,000 Btu/1,000 . Btu/1,000
- Ck Towels Towels Towsls Towsls' ¢ Towels ‘)
‘Woven 3l 45,000 5,000 22,000 <1000 72,000
Nonwoven .. v ¥ : 3 T T
Wood/potyester , 380,000 182,000 <1,000 <1000 | 1522,000!
oyiér 718,000 139,000 <1,000 <1,000/ - 867,000 |
. 638%000; - 310,000 <1,000 <1000 | s4g000
‘4 : ‘ “ - ‘L‘““:"“ ‘1‘

A detaded breakdown of the water and energy usage by component for each shop towel is

Jisted' in Tabie 3-7 Rags are not listed in the raw material acquisition and product manufactunng /
, “subsystems due tq the assumption that they are not manufactured, but origlnate from taxtile mill wastes.

Nonwoven and paper towels Include water and energy Inputs from raw materials and manufactunng

‘only Although transponaﬂon of the shop towels does require energy, there are no sugmﬂmnt energy ‘

‘drﬁerences among the single-usa shop towels in the industrial usage and post'usage subsystems.
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TABLE 3-7. SHOP TOWEL UFE CYCLE INPUTS: WATER AND ENERGY USAGE

Water En
Subsystem ' thh.ooom' em/?fé'éo”?m,
90% Cotton 15,700 22,300
10% Polyester T <S8 22 820
Nenwoven
65% Wood Pulp - 1,000 28,700
35% Polyester <5 331,400
Nonwoven - o L
100% Polypropylene . 3’ 717,600
- 85% Wood Pulp 1,580 - 45,300
15% Binders - 11,820 592,500
sn/Polysster 360 L 4,700 .
Nonwoven © @ . i o
" Wood Pulp/Polyester . . 2,180 162,000 .
Polypropylene <$ 139,400
Paper ‘ ‘
Wood Pulp/2inders 2,570 310,000
‘Woven (watsr wash) 1,660 22,000
Woven (solvent wash) 650 12,700
Nonwoven: <5 <1,000"
Paper k "<5 - <1,000*
Rags . <5 <1,000*
Post Usage
Ween <5 <1,000*
Nenwoven <5 < 1,000*
Paper <5 <1,000*
Rags <5 <1,000" .

*No significant differencss among the shop towels in the Industrial Usage andPost Usage Subsystems.
Sources: Lockheed, 1995; Tolle, 1995; EPA, 1953b; Bureau of Cansus, 1989; SPi, 1990.

The woven tdwe!s use a significant amount of water due to the Irrigation of cotton and the
laundering process. Draft data from the Office of Water industrial Laundries Industry questionnaire
indlcate that the laundering of a printer shop towel requires about 3.5 gallons (29 pounds) of water per
pound of towel washed. This survey also indicates that automotive shop towels require about 2.9
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gallons (24 pounds) of water per pound of towels washed. These two values wera averaged foran
overall water usage of 3.2 gailons (26.5 pounds) of water per pound of towe! washed.

‘ The overall watef and energy usage for the paper towsl Is high duse to the manufacturing |
requirements for the butadiene:styrene copolymer and its Intermediates (butadlene, naphitha, styrene,
benzene, toluene, ethylene) which are used as binders. There are no slgnlﬁoam water requirernems in
the industrial usage and post usage subsystems for nonwoven and paper towels.

‘Several assumpﬂons were made for the water and energy usage in the production of the
nonwoven and paper ‘towels. The water usage for the production of the nonwoven wood pulp/polyester
towel and the paper towel is assufned to be 4 gallons (33 pounds) per pound of towel product and 10 -

gallons (8:3 pounds) per pound of towel product, respectively. The high water requrrements for the
paper towel Is primanly due to water consumption of the wet laid manufaoturing process. The process
energy requirements used to produce the ‘wood pulp/polyester nonwoven towel is 2.2 Kw/lb while the
energy requirements for. the paper: towels ls 3.5 Kw/Ib. The energy requirements were based on data
* supplled by Industries (Lockheed, 1998) and industry progess information.

The water and energy usage for the paper towel binders is hrgh due to the manufactunng
. requrrements for imermedlates that are used to manufacture butadiene and styrene The energy and
“water requrrements for the paper towel include inputs for the production of butadlene and styrene

Since the type and amount of binder used is considerad propnetary by the industries contacted, a 50:50
mixture is assumed. ‘

The energy requirements for polyester is much less in the woven towal than the nonwoven towel
(22,800 Btu vs 331 400 Btu) because the woven towel has 12 usage cycles (total energy requirement for
the woven towel is deed by 12). The overall energy usage for woven towels is also less that the single
use shop towels in raw matenal and product manufactudng subsystems because of the 12 usage cycles.

‘:xria'bs‘“try“cbhbarisian of Automotive and Printing Industries- |

Table 3—8 isa comparison of water and energy usage in the industrial usage subsystem.
About 20% more water is required to wash printlng shop towels compared to automotive shop towels
‘(Ofﬁce of Water, 1995), presumably due to the increased contaminant load on the printer shop towels.
THe solvent washirig process uses a final water wash to remove any contaminants not removed during
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the soivent wash, resulting In significantly less water usage compared to the water washing process.
Total energy usage for the solvent washing process is about 10% higher than the water washing
process, but the *high ends” from the solvent distillation process are burned to geherate steam for the
distilation column. This results In a net energy input for the solvent washing process of about 60% of
‘the energy required for the water _washing process. Nonwoven towsls, paper tovyels,and-rags are listad
as a comparison to lllustrate minimal Inpms within the ‘Indusqi;e.l,\ usage subsystem.

TABLE 3-5. COMPARISON OF AUT! OMOTIVE AND PRINTING INPUTS: INOUSTRIAL USAGE

Shop Towsl | ; Lbz:t“ooou?gm ] si"/'r’%’oo“??w'& -
oven teemer et — I
Pining - | 1820 23,700
Auto and Printing ‘ 1 eso | 12.@
Nonwcven : ‘ K minimal minimal
Paper o o R “ ! mminimal - B " erinimal
Rags r : L 3 7 minimal o minimal

N N
A U

® Transportation not included. ‘
Sources: Office of Watar, 1995; Textile Rental, 1992; Blaco and Seaman, 1994; industry mw'vrm 1998,

Emi n

Table 3-9 is a list of combined potemial pollutants (emlssrons) dunng the shop towel life cycie,v

' The table includes emissions from all shop towel types (woven nonwoven, paper and rags) Specific
chemicals are grouped Into categories to identrfy areas of potential 1mpact. Ac:d base and hydrogen
sulfide outputs occur primarily in the raw material acquisition subsystem Volatile organic compounds
and semivolatile compcunds are used throughout the shop towel lrfe cyde Low volatility organic
compounds and metal outputs occur pnmanly in the Industna] usage subsystem Oxide outputs are
from thermal oxidation processes which occur in the raw matenal acqursrtion mdustnal usage and post

i

usage subsystems.
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TABLE 3-0. COMBINED UST OF POTENTIAL POLLUTANTS FRCM SHOP TOWELS

Semivolatile )
Volatile Crganic Crganic Cther
Compounds - Compounds Crganic
. Acids ~ Bases (VCCs) {Semi-VOCa) Compounds
Carboxylic acid Sodlum hydroxide | Benzene. Alkyl benzenes Chlorofom -
Hydrochloric acid Ethyibenzene Bis {2-Ethylthexyl) ‘ ;
 Hydroflueric acid - Ethylbutanoate phthalats .
Hypochiorous acid Methane Butylbenzyiphthalate
: Diesel fuel
Gasoline
"] Umenene
Naphthalene
. Phencls
Low Volaility Inorganic . Feduced Sulfur
Onga.nlc Compounds Chicrinated Compounds Cxides + Compounds -
Aromatic eompoundz Calciumn hypochicrite 1 Carbon monoxide '} Hydrogen suifide
2t Cils ‘ | Sedium chiorits Carbon dicxide Methyl mercaptan
Grease': " Sodlum hypochiorits Nitrogen oxides L ‘ ‘
L . Sulfur d‘oﬂd. §

Sources: EPA, 1994; EPA, 1993; industry interviews.

Raw Materia! Acquns:tion—-

All shop tcwels (w1th the excepﬂon of rags) have components with a similar raw material starting

' paint, petroleum The differences between the shop towels are based on the type and amount of
petroleum- bas‘ad.,lnter‘mediate‘ products generated during manufacture. The air emissions and liquid

discharges that occur curing the manufacture of petroleum intermediates are assumed simiar.

Alr emissions associated with woven towels are from cotton production (particulates from

harvestmg and wood pulping operations. The wood pulping process produces air emisslons such as -
particulates ‘;‘frpm ccmbusticn processas, volatile sulfur compounds, chloroform, methaqol, and hydrogen
~chloride. \

.- farming and ginning). Air emissions associated with nonwoven and paper towels occur during the tree

Liquid discharges are produced from cotton production (agricuitural chemical usage, field runoff)
~and from wood pulp mill effluents (high BOD and TSS levels, chiorinated. organic compounds,
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- chloroform, chiorates). The identification of the hypochlorite bleaching stage as a major source of
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* chioroform, and its subssquent steady alimination from bisach sequences, has led to significart
~decreases in chloroform emissions by the lndusfry (EPA. 1983). Dioxin Is not considered an output
‘since its presencs in wood pulp mill efﬁdems has decreased significantly due to medifications in the
. bleaching process. The American Forest and Paper Assoclation predicts that by late 1996, all wood
j eulp mills will achieve nond‘eetecta_u”e levels of dioxin in quuid effluents.

.. Product Manufacturing—

Liquid discharges occur.in the fiber processing phases during the manufacture of nonwoven and-

- paper towels. Alr emissions are minimal.
lndustrial Usage— ’ -
Laundering operations account for a majonty of the outputs in the Industrial usage subsystem:
Minimal water Is genefated from slng!e-use shop towels. Evaporaﬂon of volatne compounds from ‘'single-
use shop towels will occur if the towels are not stored In containers. :

For this assessment, the average contaminant load on printer and automotive shop towels s

0.065 Ibs and 0.031 Ibs, respectively. This data is from a study conducted by Brent Industries, based on-

599,000 towels. (Willlamson, 1995). An average of the printer and automotive shop towel locadings is
-~ ‘used for the post usage subsystem and the cverall results. It Is assumed that the VOC:semi-VOC ratio
of contaminants on printer shop towels Is 3:1. The ratio for automotive shop towels is 1:3. This
information Is averaged to 50:50 for detennift'aﬂen of air emissions and solid waste quantities.

Water washing has historically been the method of cholce for cleaning woven towels and is the
standard cleaning method for-this assessment. Solvent washing of woven towels Is also Included to
eompare_outpms. Table 3-10 Is a comparison of laundering processes for automotive and printing shop
towels. The air emissions and water discharges listed for water washing are based on the contaminant
loadings of 0.065 Ibs and 0.031 lbs for the printer and automotive shop towels, respectively. The air
emissions are based on 50% of the VOCs and semi-VOCs evaporating from the laundry effiuent during
waste water treatmert and 50% being contained In the sludge that resuits fromitreatmem of the waste
' water. The amount of VOCs and semi-VOCs emitted into the air will Vary'slghiﬁcanﬂy based on the
temperature of the wash water, the process used to treat the waste water (sludge generation at the
laundry or POTW) ‘and‘the specific contaminants on the towel. The remainihg shop towel contaminants
will be contained In the sludge. Sludge generation rates for the contaminant IEadings on the shop
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w towels were consistent with published values. Laundry waste water efﬂuem will normally produce

: approx;mately 1 OOO Ib (dry wenght) of s!udge per cne million gallons of water (Mullen and Lehrburger,
jm 1991) ‘Alr emissions. from smgle~use towels (nonwoven, paper and rags) are assumed at 4.5
- : pounds/ 1,000 toweis to account for evaporatlon of volatile solvents from the shop towels after usage.
- ‘
L " TABLE3-10. COMPARISON OF AUTOMOTIVE AND PRINTING OUTPUTS: INDUSTRIAL USAGE ,

ot . ( - Siudge

e E Alr Emissions Liquid discharges Sludge Waste Disposal
j“ . Subsystem . ‘ * Lbs/1,000 Towels Lbs/1,000 Towels Lbs/1,000 Toweis Method
B _Woven fwater wash) —
- LAuto | 7.75 1,680 332" lancfill
- | Printing" . 24.38 684 49.82' landfil

' Woven (soivent wash) .
M ‘ : 17.5 minimal . 48/008
ot 45 minimal . 'minimal
- 45 miniimal minimal
9y 45 " minimal ‘minircal
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© TABLE 3-11. POLLUTANT LOADS FROM LINEN AND INDUSTRIAL LAUNCRIES

V ‘ Linen - Industrial Industrial
Pollutant Untreated Effluent’ Untreatd Effluent® Treated Effiuent’
' bs/10,0001bs .~ | 'ibs/10,000 Ibs . Ibs/10,000 Ibs
laundry - procsssed laundry ' procsssed laundry

Aluminum - 0.834 ‘ 1.50 0234
Antimony =~ o N 00325 S 0189 ¢ ). 0.00917
Arsenic © 0.00347 ‘ 0.00414 0.00286
Bis(2-sthylhexyl) phthatate 0183 R o 0.0215
BCO Sday- ‘ o 174 o o b 441 R i 91.1
Butyl benzyl phthalate . . . 00270 ... . S 0.0272 ... ooo02ss
Cadmium R . 0.00478 00182 ‘ .. 0.00342
cop - I ‘ © 383 . .} 1,430 L2217
Chioroform - - ‘ ' 0.0208 0.00696 . 0.00827
Chromium ‘ . . "ooore8 | ooros | ... 0.00882 -
Copper = - S o9 o | o 0823 0 0 0.03e8
Di-n-butyl phthalate -} oo00sss - | 0 00929 . ). - 000288
Di-n-octyl phthalate ‘ |l eo0e - | . 00318 ... .0.00311 -
Ethyibenzene o 00020 . b o 018, | o368
iron ‘ v 139 T sm2 ‘ 1.14
Lead 006215 °  |' " 0282 0 0.0287
Mercury ‘ - 0.000081 - 0 "} 0000198 bt T0.000143
Methylene chioride ©0.00277 R 0.508 E 0.0248
Naphthalene R L 003100 7 ) 03e4n | 00183
Nickel - , ‘ - ,00104 . | . 00609 |, /000957, .
Phenol 0.0181 | 00229 ©0.0417
Sitver ooo138 - | 0 ooosas T | 000142
Toluens == = I . 40.01480 |t 07420 Lo 0.307-
TOC . 108 ) - ess | . e28
Total Petroleum Hydrocarbon v 324" 0 | 165 E 109
Total Phdsphorus 520 . 5.83 b R 3
Total Recoverable O&G 285 332 " 184
7SS 558 B 383 18.4
Znec ‘ , © 0.185 0.877 ‘ . 0.154

Dased on samplng at one racity
2 Based on sampling at five facilities
3 Based on sampling at five faciliies. Two facilities have treatment of "heavy” industrial wastewater only. Trsatment
technciogies sampled included disscived air fiotation (DAF), chemical precipitation, and chemical emulsion breaking.
Source: EPA Office of Watser, Updated-1968 ‘

Table 3-12 cor‘\tains a summary of the draft data from five of the seven sampling episodes taken
at industrial laundries for the Office of Water (EPA, 1996). The table lisfs the maximum, median and
average concentrations along with the average facility discharge of several poilutants found in the
survey. The median value represents the middle concentration, when the concentrations are listed in

increasing order while the mean concentration is the average concentration of each polluiant listed. The

N
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table démonstrates that most contaminants found in industrial laundry effluents are present at less than 1

ppm (1 mg/Lis approxxmately equal to 1 ppm)

TABLE 3-12. TOXIC POLLUTANT CONCENTRATIONS IN INDUSTRIAL LAUNDRY EFFLUENT'

Pollutant No. En"ﬁ’fz% Conmemiaton | Conceaition | Conmmantion |  “tarage/
ey K ‘ - (mg/L) - (mg/Y (mg/L) (kg/dav)
-Antimony 12/22 . 0214 0.0382 00768 . - 0.0233
Cadmium - 14/22 0.149 0.00652 0.0367 00112 .
Chromium, 19/22 0.198 0.0334 0.0568 0.0172
Cépper 22/22 1.03 0.244 0.302 0.0918
N otead v o422 1.02 . 0.0628 0.2684 0.0802!
|l Mercury 4 Lo lef22 ' '0.00270° +0.000200 0.000782 - 1 0.000238
 Nickel, N . 19/22 10328 00351 .. | ocar3 ’f . 0.0265
Silver 2722 0.0500 000450 .. | ocor74 | 0.00235 ..
Zne 22/22 8.11 0.288 1.76 0.535
il Phenot . 22/22 0:556 0.180 0,247 00750
1l 1.1, 3-Trichioroethane 14/22. 269 0210° “ | o208 v | 00623
| Erybenzene o2 | o7 os | o T ooeh
< | Methyiens chlondo 14/22 0.863 oos2s; . | 0.0392 "
"I Naphthalene 18/22 0.247 00977, | 0118 00359
' Bis (2-ethylhexyl) phthalats 19/22 1.16 00738 |  o1s2 0.0584
' Butyl bénzyi phthalaxez /22 0.100 0.0100; 0.0183 0.00556
. Di-n-butyl phthalate® o2 |, o100 0:.01000. . | ' 00182 0.00522
|| Tetrachiloroathytene ™ 2z, | 115 otz | oeer 100803
||l Torsede 22/22 . 5.81 as17' . | 188 0501
| Tncmcroemyieno 8/22 0.102 - 0.0100} oi%oé4$ 0.00738

’ 'Based on sampiing at five faciijties. Two facﬂiﬁss have treatment of “heavy” indu

aj wastswatar only, Treatment

technologies sampied included dissolved air flotation {DAF), chemical precipitaticn, and chemical smulsion breaking. -
2 Ma:umum goncentration is the dmc’non Ilmrt.
3 Pollutam v)as not dcmctad in any samplea.
SOurco ‘ EPA Ofﬂeo of Water; Updatod-1996

’[ \
Uy

Untd recentiy very few industrial laundries had on-site waste water treatment facﬂmes except for

setﬂlng basins and screens. . Regulatory agencies are now restricting contaminant levels for industrial

laundry effluent, forcing industrial laundries to treat effluents on-sita. Treatment processes now being

: incorporated include a combination of settling Basins, equalizers/neutralizers, air flotation, clarification,

media filtration and oil/water separatdrs. An important factor in the discussion of water discharges from

industrial laundries Is that not all POTWs ars capable of removing the contaminants coming from the
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industrial laundries. If the waste water from the industrial laundries is not properly treated, the
contaminants could be released into the environment. However, this assessment assumes that the

waste water is treated and the majority of contaminants are removed, either by the industrial laundry or
‘ J
a POTW.

‘ ’ M&P_rqggg—%dvem washing Is addfessed ln this assessment as a comparison to T
| tradiﬂonal water washing Solvent washing, commonly known in the. industry as dry cleaning, is an
; altemnative to water washing for shop towels. deem washing s similar to the common dry cleamng

" process for clothing, but does not use chlorlnated sotvents and the cleaning solvent is recovered via

distillation. The deanlng method analyzed In this assessment utllizes a petroleum dlstil!ate for pnmary

- cleaning of the shop towel to remove solvent-soluble contaminants. Final cleaning Is accompushed by i
‘ water washlng to remove the water-soluble contamunants A small amount of sludge i is generated from ".
.. the final water wash and is Iandﬁ!led ‘ .‘ ‘ i

| The solvent washmg process indudes a vacuum dist:l!ation tower to separate contaminants and
recycle the solvent. 'ngh ends which are collected at the top of the distillation tower can be burned to
. producs steam required by the distiliation tower. - The 7low end" or sludge contaminants from the tower

| are incinerated at off-site cement kilns. | -

Solvent washing of woven towels does not resuit in a significant increase of VOC emissions
K ‘dunng\\the laundering :process. The air emissions listed are fugitive emlssions from the solvent washing
‘process (valve leakage, pre‘ssure‘\‘renﬂng, transfers, etc) (EPA, 1990)

Post Usage—

The solid waste from shop towel disposal are listed in Table 3 13 The reuse cycle of woven
towels is factored Into the solid emissions estimate by dividing thewelght of the woven towels by 12.
Woven towels generate sludge dunng the laundering process, bdt theoverall weight of solid waste Is
similar to the single-usa shop towels. About 5% of the woven towels are assumed to enter the Iandﬁll at
the end of useful life,.the remainder are recycied to low quality rags. The 88.4 Ibs of solid emissions per
1,000 woven towels conslsts of 83.1 Ibs sludge and 5.3 Ibs woven towels that have reached the end of
useful life. By comparison, the 67.8 Ibs for nonwaven towels and the 74 Ibs for paper towels is the towel
and the contaminant weight that enter the landfill. ‘ '

)
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~The type of waste entering the landfill Is a function of the shop towel used. Sludge from woven
towel waShIng éontafhs com.ammams and water. The single-use towels (nonwoven, paper and rags) and
associgted‘covmaminénts enter the landfill without physical changes. Lquid discharges are not
considered to be significant due to the assumption that shop towels are sent to landfills with leachate
collection capabilities. -

TABLE 3-13. COMPARISON OF AUTOMOTIVE AND PRINTING OUTPUTS: POST USAGE

Nt T o T o TR s T

Alr Emissions Liquid discharges Sciid Wasts DISl;;i:!

Subsystem Lbs/1,000 Towels Lbs/1,000 Towsis Lbs/ 1.0(1) Towels Methed

Woven minimal minimal 834 landfill
.Nonwoven minimal, minimal 67.8 landfill
f;‘PﬂPﬂ minimal minimal 74 landfill -
rRaqs' minimal minimal 110.5 landfill

It is assumed that the majority of shop towels are disposed in landfils. According to the Office
of Water 1994 Industrial Laundries Industry Questionnaire, only 7 of the 209 laundries listed incineration
as 'a disposal method utilized. Published information on muhicipal waste also states that only 10% of
trash in the United States is incinerated (Lewis and Valenti, 1983).

Municipal solid waste generation rates are expected to increase to 216 million tons per year,
with recycling and incineration reducing the amount going to landfils to about 107 milllon tons per year
(Superkam, 1992). According to Journal articles (Biocycle, 1594), from 1988 to 1983 there has been a
48% decreass In the number of available U.S. landfills. Therefore, landfill disposal costs are expeé:ed to
increase.

It may be possible to incinerate the new nonwoven towels (polypropylene = 19,000 Btu/Ib) due
to the higher Btu value. Some contaminants on the shop towel (petroledm products, Inks and solvents)
could also increase the Btu value. The incineration of shop towels would decrease the volume (80 to
90%) and weight (70 to 75%) of solld wastes, depending on the towel composition. Combustlon ash is
also more environmentally stable in landfills than municipal solid wasts, thus reducing the risk of ground
water contamination (Valentl, 1293).




Air emissions from shop towels sent to hazardous waste incinerators is assumed to be
negligible. The EPA has established Performance Standards for hazardous waste incinerators which
require that certain hazardous constituents are removed from the incinerator emissions to a speciﬁea
percentage. This required removal level Is called the destruction and removal efﬁc:ency (DRE) and, for
example, Is 99.99% for organic hazardous constituents (EPA, 1588).
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SECTION 4

IMPACT ASSESSMENT

‘This sectlon providee a quahtaﬁve assessment of the life cycle Impacts associated with shop
towels. An impact assessment is a process of cztegonzmg, characterizing and evaluaﬂng the effects of
the resource requirements and environmental emissions (L.e., aJr water, and solid waste) idermﬁed in an
inventory assessment (EPA, 1983). Methods for performing |mpact assessments are still in the

; developmental stages, but it is generally agreed that the analysis should address both envircnmental and

human heahh lmpacts result!ng from the emlssions identiﬂed in the inventory assessment.

This ‘shop. towel Impact assessment idemrﬁes the envnronmental em;sslons from the four.
subsystems evaluated In the Inventory assessment -raw material acquisition, product manufactunng,
industrial usags, and post usage. Potential enwronmemai impacts and hurnan hea!th Impacts were. .
addressed In relation to general Impact cztegories. ‘ : ’

» The lmpacts are based on the atmospheﬁc emissions, waterbome dlscharges, and solid wastes ,
generated from the mventory assessment of 1 000 shop towels. The emissions identified In this
assessment are referred to as "pollutants.” This terminclogy represents the emission as a releass to the
environment duringr"the Iife cycle of a shop towel. This is not meant to imply the emission is dlrecdy
harmful to the environment or to human heaith, aithough the potential may exist.

4.1 METHODOLOGY

The conceptual framework for an impact assessment consists of three steps: dessiﬁcethn,

- characterization, and valuation (SETAC, 1991).

ificati
Classification is the process of assigning and accumulating resuits from the inventory

assessment irto impact categories. Impact categories may include ecosystem or environmental quality,
human heaith, (resourceg/depleﬁon. or habitat medification.
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‘Environmental quality and human health were chosen as the major impact categories for this
assessment. Within these two categeries, seyeral sub@tedoﬁ% were identifled as shown on Table 4-1.
The environmental subcategories include both air and water qdallty impact areas. The dassiﬂcation of
lnventory results into impact categories for the shop towel ls qualltatlve total quantities of emissions
from the shop towel life cycle are not mlcu!ated Comparlsons were developed to flustrate the relative
change In lmpacts among the dlfferant shop towels.

TABLE 4-1. CLASSIFICATION CATEGORIES

Environment A Human Hesith
Acid Rain Precursor/Acid Rain .~ S Allergeniicity/Sensitization/lrritant
Aquatic Life - ‘ oo Central Nervous System Effects |
Aquifer Contamination = “Carcinogens
Chemical/Biological Content Alteration @ - | Gastrointestinal Effects
Greenhouse Gas/Global Warmlng ‘ Kldney/vaer Damage
Oxygen Depletion Odors
pH Alterations : Reproductive Effects
Smog Frecursor/Photochemm! Smog ‘Respiratory System Effects.

Characterization

Characterization Is the assessmert of the magnitude of potential impacts for the selected
categories. Current methods for evaluating environmental and human heaith impacts continue to evolve.
Several models have been proposed for use in the characterization process to evaluate the contribution
of each emission. The models include loading, equivalency, chemical properties, generic
exposure/effects, and s:te-specxﬂc exposure/eﬁects (SETAC 1933). Each of these models has inherent
limitations, and there is no general agreement in the scientific communrty that these models are accurate
and rellable. Thesa modeis were not usad in this shop towel assessment A limed characterization was
conducted to svaluate significant differences among the lmpact categories.

Valuation consists of assigning some relative value to the impact categories so as to integrate
the impacts across the categories. The objective is to directly compare the overall potential impact of
each product The relative values assigned to the impacts causes the valuation step to be subjective,
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and there is no unrversaﬂy accepted method for valuation assessment. A valuation assessment was not

‘deve!oped due to the limited characterization conducted for the shop towels.

' 42 RESULTS AND DISCUSSION

'm‘lm:

The first step of the shop tcwel impact assessment is identification cf the pollutants and

" evaluaﬂon of the Impacts. associated wrth each of the four subsystems.

B
|
i
!
!

~ Raw Materials Acquisrtion—- ‘ | -

Table 42isa Hsting of the primary poliutants from the raw materials acquisition subsystem This
table Is a comparison of the raw mate}rials used for the shop towels and the corresponding pollutants

: Impacts from oi reﬂmng and the manufacture of petroleum-based products (blnders, deestef and

polypropylene) ara higheat for nonwoven towels, followed by woven towels and paper towels. The

| 5 manufactura of petroleum-based products generates volatile and semi-volati!e organic fugitive emissions

and thermal oxidation of byproducts generates a variety of gaseous compounds (NO,, SO,, CO,, ‘etc).
Waste water with BOD Ioadlng and chemical oxygen demand (COD) loading Is also generated from the
manufacture of petroleum-based products. TR -
The.w‘ood plilp:ng process vis/required for paper and nonwoven towels, and generates wasts .
water with BOD loading and TSS loading.” Alr emissians include reduced sulfur compounds,
chioroform, methanol. ard othef VOCs. Emissions of SO, and NO, are a lessser concem (EPA. 1993b).

lmpacts from cotton production Include fertilizers, herbicides and pesticides In field runoff,,
contributing to BOO and COD loadlngs.




TABLE 4-2. POLLUTANTS FROM THE RAW MATERIALS ACQUISITION SUBSYSTEM

F71
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BAW MATERIALS ACOUSTION
Apids X X
|_Casas X X
|- \oiatile Organic Compounda ). 4 ' X X X
|_Semivolatiie Qrganic Compounda — X X X
| \norganic Chigrinatad Comaounds | x| | | '
| Herbicides/Pasticides S x X
MSulfur Compaunds X
| Forilizars_ | _x
i Low Volatility Organic Compounds - | - s I | 4 X : X X
_co/co, x 1 o« 7 X_ X
Particyiates X X ’
| NO /SO X ‘ X X
BOD X o X X X X
_can X X x % a

'Styrene and Butadiene

Product Manufacturing—- ) ‘

Table 4-3 is a listing of the primary poliutartts from the product manufacturing subsystem. This
table is a compariécn of the shop towels manufactured and the corresponding poliutants. Impacts are
relatively minor due to the primary activities being.fiber production, weax)ing and packaging.. The “wet-
laid" process used to convert wood pulp to nomwoven and paper towels has BOD, COD and suspended
solids In the waste water. The prbduction of fibers for all shop towels resuits in minor amounts of
airbome particulates. : . | )

™
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TABLE 4-3. POLLUTANTS FROM THE PRODUCT MANUFACTURING SUBSYSTEM

Pollutants =~ o | Reusable’ ~ | "~ Single Usa? " -

- || volatile Orgamc Compounds - [ X . X

.- || Semivolatile Organtc Compounds ! X X

| Low Volatllrty Organic Compounds X "‘

- co/CO, X

ol Metals X X
. I Particulates (TSS/TDS) X
1 [:NO/SO, X
~ |L.BOD X

~|LCOoD X

| I SHOP TOWEL
Pollutants =~ Woven - Nonwoven Paper
|l Volatle Organic Compounds - X X ‘ -
|l Semiviatile Organic Compounds X
Particulates X X X
1 | X X
fcoo. X X
lndustnal Usage-

Primary pollutants generated in the industrial usage subsystem are shown in Table 4-4. The
shop towels have been broken down into reusable (woven towels) and single-use (nonwoven toweIS.
paper. toweis, and rags) for discussion and evaluation purposes. Industnal usage for the reusable towels
include lau ering (solvent and water wash), drylng, water treatment, solvent recycling, . and s!udge ‘

: generaﬂon. The three smgle-use towels have been grouped togethef slnce they are used m similar ways
'!n the shopj nd have tfe same pdlutants associated with them. Contammant !oadlngs (orgamc .

C metals) on the reusable and single-use towels are assumed to be the same

TABLE 44, POLLUTANTS FROM THE INDUSTRIAL USAGE ‘suesvefs‘ia "

.. SHOP TOWEL
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particulates, organic compounds, and metals loading is also generated from the laundering cycle. Some
of thesa contaminants are emitted to the environment even after the water Is treated since waste water
 treatment I not 100% # efficlent. Solvent washing of towels and solvent recycling results In a small

‘quantity of VOC emissions. Organic compounds and metals from the waste water treatment and sdvent
" 'recydlng processes are also conmined in the sludge.

P Contaminants present on the single-use shop towels as a resuit of usage include organic
compounds and metals. Some volatﬂes may be emitted to the atmosphere while the towels are in the
shop; however, most of these pollutants are carried forward to the post usage subsystem. '

Post Usage-
" The post usage subsystem considers lmpacts from the disposal of contaminants and towels
(nonwoven, paper, and rags) in a landfil, siudge from water washing in a landfil, and sludge from

‘solvent washing at an Incinerator. Inclneraﬂon of single-use towels is uncommon, therefore it will not.be’

addressed. As stated In the Inventory analysis, it is assumed that woven towels are converted to low-
quality rags or landfilled after they have been reused for 12 cydes. Tabie 4-5 compares the impacts
from the waste combustion and landfil disposal methods.

| TABLE 4-5. POLLUTANTS FROM THE POST USAGE SUBSYSTEM

Polutants - Coﬂgtsjts%on o Landfil
Volatile Organic Compounds |~ L x
Semivolatiie Organic Compounds . T R
‘Low Volatility Organic Compounds I ‘ ‘ - X
co/co, ] x|
Metals X X
Particulates X
No,/SO, ' e xe

The fate of shop towel corrtammants is dependent on the type of towel used and on the type of
washmg performed:

F | S|
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e Sludge generated (at the laundry or at the POTW) from the water washing process for
woven towels is commonly disposed In municipal landfills. This siudge has relatively high
- water content (22%) and Is not Incinerated. (Herod , 1995)

5"“:{‘1’?"?‘Sludg’e generated from the solvent washing process is sent to cement kilns for incineration.
+  Spent single-use towels are sent directly from automotive or printing shops to landfills.
It ls assumed that water wash s!udge is landfilled due to the low Btu c0ntent while sdvent wash

sludge ls Incinerated. Contaminants in both types of sludge wﬂl be the same as those present on the -
towe!s after use (orgamc compounds and metals). Water wash sludge contains approxxmate!y 22%

. water which could i increase the mobility of these pdilutants into soi and groundwater. lncmeration of |
solvent wash sludge will result in gaseous wastes (CO CO,, NO,. and SO,‘) as well as resxdual ash to be

‘landﬁlled

~ With the exception of solvent washmg, the ma;onty of contammants from shop tcwel usage end
up 'in the landfill whether ‘woven or single-use towels are used. Woven towel contaminants enter the
landfill as sludge from laundry effluent treatment and single-use towel contammants enter the Iandﬁll on
the- smgle—use towel. '

--The ”classiﬁ&tion of: pollutants intoiAmpact categdries i:s the ﬁrstpart of theassessmentof -
comparative environmental impacts of the shop towels during their life cyc!e. After a review of the
chemical, envircnmental, and toxicological data, the chemicals in the inventory assessment were
classified by potentlal impacts on the environment and human heaith. The environmental quality impact
subcategories shown in Table 4-1 were divided into air quality impacts (Table 4-6) and water quaiity
lmpacts (Table 4-7). The human heaith impact subcategories are shown in Table 4-8. .

Air quality impacts, shown in Table 4-6, were relatively minor. Organic compounds are the most
common pollutants generated in the shop towsl life cycle; therefore, potential smoqg visibility Impacts are
notable in this category. Emissions of acid rain precursors occur only in wood pulp production. Air

quality impacts from landfiil disposal are minimal regardless of the type of shop towel used.
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 TABLE 48, lMPACTS OF POLLUTANTS ON AIR QUAL!TY

) Acd Rain Global Warming/ Smog/

Pollgtants Precursors Greenhouse Effect \ﬁsibil'rty
Acids X
Volatile Organic Compounds X X
Semivolatle Organic Compounds X X
Inorganic Chiorinated Compounds o X
Herbicides,Pesticides . | X
CO/CO, T X
Particulates . X X X
NO,/SO, X X, X

]

Water quality impacts, shown in Table 4-7, stem primariiy from water usage in the production of
petroleum-based mtermed:ates and woven tcwei Iaundenng. There Is a water quality Impact associated
with the woven towel contaminants because: the sludge genefatlng processes at the laundry or the
POTW are not 100% efficient in rernovmg contaminants from the laundry effluent. The largest impact
area Is aquatic life with related categories of oxygen depletion and chemical/biological content. Aquifer
contamination from the shop towel subsystems is attributable to percolation of agricultural residues from
cotton productior and pollutants that may seep into gkoundwater from landfills. The least sfgniﬁcant Is
pH a!teratldn due to acids, bases, and chlorinated,‘slubst%nces present In the wood puiping process.
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.TABLE 4-7. IMPACTS OF POLLUTANTS ON WATER QUALITY

: ' Chemical
rotars e | o, | omge | en | B
Acids X X
‘Bases - X X
 Semivolatile Organic Compounds X X X X
‘ \lnorganio Chlonnatod Compounds X X
 Herbicides/Pesticides X X B
Fertilzors L | X X X X
Low Volatility Organic Compounds x X | X
(| Metais L X X
i “‘P.ar‘doulam‘ (TDS/T SS) X X X
) R X | X X
- —

Human health lmpacts shown In Table 4-8, occur in two primary ways: inhalation and ingestion.
Inhalation is the most common method, and most of the Impacts are concentrated in the

‘Imtant/sensrtizerr ar'rdd respiratory effects categories resurting from airbome emissions of pollutants.

Gastrointsstinal and reproductive effects during the cotton production stage are poss:ble duse to dermal
contact. The ma]orrty of human health impact categories are lnﬂuenced by waterbome emissions of
pollutants. - In order for ingestion of contaminants to occur, it wouid have to be assumed that drinking
water Is not properly treated to remgve these contaminants. The vanety of organic compounds
assoclated with shop towel manufacturing and usage may also result in exposure to carcinogens and
compounds wrth ltver, kidney and central nervous system effects. -
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SECTION 5
CONCLUSIONS

The following conclusions have been reached through the evaluation of the shop towel life cycle
and offer a “snapshot" of current shop towel usege because the Industry is changing as differert types
of shop towels compete fcr a share of the market. The composition of a shop towel will affect the
resource requirements for manufactunng and ummately the type of waste generated from towel usage

5.1 INPUTS

Figure 5-1 Is a comparison of the overall water usage for shop towels. The total water
requlrements were srmrlar for woven and paper towels, and were about ten ﬁmes greater than for
nonwoven towels. About 90% of the water required during the life cyde of woven and paper towels.
occeurs in: the raw matenals acquisition subsystem. Laundering woven towels is usua]ly regarded as a
large water consumption process, but the wet laid process for manufacturing paper towels consumes
more waterlthan tHe laundenng process for woven towels. Figure 5-2 IS a companson of the overall
energy usage for op towels. The raw materials acquisition subsystem accounts for the majority of the

red for all shop towels. Woven towels have the lowest relaﬂve energy requrrement
due to thelr capacrty,:‘ or 12 reuse cycles.
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Figure 5-1. Shop towel water requirements.
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Figure 5-2. Shop towel energy requirements.
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5.2 EwssnoNs’”” o

A wide variety of environmental emisslons assoc:ated with the shop towel life cycle oceur in the
‘raw material acquxsxt!on and product manufacturing subsystems.

The method used for dlsposel of shop towe!s and contaminants will vary depending on the type
of towel and the type of washing performed but the majority of contaminants from the shop towel usage
will enter a mun!cipal landfil regardless of the rype of towel used. Figure 5-3isa comparison of landfill
waste generated for each shop towel mtegory Nonwoven and paper towel wastes generated from the
industrial usage and post usage subsystems were similar in total welght. Woven towel wastes in the
landfill are heavier than nonwoven of paper towel wastes, but the volume occupied in the landﬁﬂ will be

lower bemuse woven towel waste ls primanly In the forrn .udge, .wh“le nonwoven and paper towel:.
waste consrsts of the tcwel and contammants. Rags ha : hest weight and volume per 1,000
towels, but do not pose a landfil problem due to the low - sage.
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Liquid dlscharges to the environment are generated during woven towel washing because the |
effluent treatment process at the laundry or the POTW is not 100% efficient in removing
contaminants. - The effluent treatment processes can also vary dependlng on the capability of the
treatment system and the location of the laundry or POTW.

Alr emlsslons to the environment In the industrial usage and post usage subsystems are
primarily VOCs and are dependent on the type of cleaning solvents used ‘

53 IMPACTS

The potential for environmental lmpaets from woven towel usage are greatest in the, lndustnal
usage subsystem, which Is conslstent for reusable materials. Water quam:y impacts occur because
processes for treatlng laurdry eﬂ’luent do not remove all contammants from the water prior to discharge,
and are dependent on the type of contaminam on the” oven towel | | | ‘

Enwronmental impacts from nonwoven towel usa'e occur pnmari in the raw rnatenal

landfill (>90%) and liquid discharg ‘ that enters the envxronment (<10%) All cortaminants on the single-
use towels will usually enter the‘ landﬁll wrth the towel. The primary drﬁerence between dlsposal of
sludge that is generated from woven towel laundenng and dlsposal of single-use towels with their
_ associated comaminants is the volume occupied in the landf li. The smgle-use towel /contaminant
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combination has a lower. density than the woven towel sludge and will occupy a larger volume in the
landfil. The use of solvent washing for woven towels has the potentlal to significantly reducs the |
amoum of sludge sent to the landfill. However, the incineration of solvent washing sludge will result in a -

i small increase in air emissions.

A
ks

There were no distinct human health impact differences noted among the shop towels. The
byproducts of shop towel production and use have towel-dependent impacts, but it is not feasible in this
assessment to determme a clear dlstmction of the impact differences for the shop towels. ‘

35;‘4;‘»:@S‘HQP ﬁ'QWEL usAaé TRENDS

The- printing lndustry prefers to-use woven towels because the towels have the desnred durabnhty
and leave mnnimal lint ‘on the pnntlng machines. Nonwoven and paper towels are Iess durable than
woven towels. and those that utillze wood pulp may leave behind excessive lint, whnch xs not acceptable
to the printefs. Polypropyiene nonwoven towels do not generate lint and may have a niche in the'
printing industry. rf nonwoven towels can match the woven towel in absorbance and. strength

'characteﬁsth. SR A S T

i ‘fa.‘ A T

The typeof shop towel used in the automotive industry s In flux. Woven towels continue to be
dommant, but are’ belng replaced as laundering costs increass. Several national automob\!e service
compames have recenﬂy changed from woven towels to paper towels. ‘Used paper towels are ‘not -
typlcally examlned to' determme if they are a hazardous waste even. though the towels'may contain "’

hazardous contaminants. The municipal landfill disposal costs for thesa towels are usually less than the '
laundering costs for. woven towels. ‘

i

Nonwoven towels made from polypropyiené have recently been marketed as reusable. In -

’ =applimtlons where a- iarge ‘quantity of low viscosity liquid is used, wringer machines are sold with the

polypropy(ene towels to remove accumulated Hqurds at the usage stte allowing reuse of the towel.
Woven towels couid also be used with wringer machines, but few woven towels are currenﬁy used in
this manner.  The wood pulp and polyester»nonwoven towels and the paper towels do not have the
durability necessary for muitiplé reuse cycles through a wringer machine.




Rags continue to maintain a small, niche role which Is not expected to change. The supply of
hlgh quality rags Is limited and any Increase In usage would probably result in a price increase due to
supply and demand. The higher price would then restrict rag usage, maintaining the small niche role.

~ Local regulations for pretreatment of laundry effiuent vary across the country, resuiting in a wide
range of effluent treatment capability at the laundries and variable woven towel rental rates. Laundries
which are required to install effluent *pretreatrnent systems to meet local reguiations are anticipated to.
pass these costs onto the customer, therefore' the;laundering cost for woven towels will Increase and
towel users may seek altematives such as singie—use toweis. | Industrial laundries are also in,creasingiy
. reluctant to accept woven shop towels with haz‘ardous contaminants due to the adVerSe impact on the
| laundry effluent. This type of shop towel may be sent to soivent washing facilttles in the future as the
. cost of water washing continues to increase, however, solvent washing is currently limrted in geographic
‘ availability. The cost of solvent washing Is currently about 15-18 cents per shop. towel and is higher than
‘water washing (1 2-14 cents per shop towei) but this diﬂerence is expected to close as water washmg
' rates increase. = L e

The use of solvent washing for woven toweis appears to have Iess envnronmemal emissions than
water washing. Specific conclusions regardirg the environmental acceptabiity of sotvent washing are..
not provided due to the small number of existing companies that offer the service The potentiai
advantages of solvent washing include reduced overa.il energy inputs compared to water washing, a
significantly reduced amount of solid waste, and a reduction in waterborne emissions. There would be
an increase in air emissions due to fugrtive process emissions. the fuei buming requtred to operate the

_solvent washing process, and the incmeration of sludge.

In summary, \federai regulations restricting’ contaminants in laundry wastewater effluent could
resuit in water wash laundries charging highe_rprices 1o clean woven towels if the laundries are required
to install wastewater treatment equipment. If the iaundﬁea do not install the equipment, they may refuse
to accept the towels. The printing industry prefers to uss woven towels and if water wash laundries
charge higher prices, printers may convert to sotvent washing if price competitive As the quairty of
single-use shop towels improves, pnnters may also consnder this.option. The use of woven towels in
the automotive industry is decrsasing due to the increases in laundering rates and availability of

acceptable single-use towels.
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. APPENDIXA .
CONTACT LISTS

The following Is a list of firms that were contacted during the preparaﬂoﬁ of this report. While
this appendix Is not referenced in the report, many of the firms listed provided Information.

ASSOCIATIONS - . 8 " Printing Industries. of Minnesota
' Environment and Safety Program
1. INDA: Assn. of the Nonwoven Fabrics Scott Schuler
Industry | 612-646-4826
1001 Winstead Dr. St 460
Cary, NC 27513 . 7. Schoodl of Textiles
919-677-0060 Clemson University
Misty Ayers ‘ Dr. Edward Vaugh
803-656-3176 ext. 5965
2, Industrial Fabrics Assn Intemnational '
345 Cedar St. Suite 800 8.  Technical Assn. of the Pulp and Paper
St. Paul, MN 55101 ‘ o Industry ‘
612-222-2508 , PO Box 105113
Alex ( Technology Park
. Atlanta, GA 30348-5113
3. Institute of Paper Science and Technology 404-446-1400
(IPST) - Jeanne Lazarus
500 10th Strest NW :
Atlanta, GA 30318-57%4 9. Textile Rental Service Assn.
404-853-9500 ‘ ‘ 1054 31st NW St. 420
Jeffry Jones ' ‘ Washington DC 20007
202-833-6385
4, National Cotton Council of America Dave Tremble
Box 12285 :
1918 N. Pkwy 10. Uniform Textile Service Assn. (UTSA)
Memphis, TN 341820285 Washington, DC
901-274-9030 202-206-6744
Jim Howell Bob Peters
5. Printing Industries of Northem California 11. American Forest and Paper Assn.
Director of Environmental and Safety 1111 18th St. NW
Programs Washington, DC 20036
655 Third Street, Ste 500 202-463-2700
San Francisco, CA 94107-1901
Jim Richards
415-495-8242
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12. American Pulpwood Assn.
. 1025 Vermont Ave. NW
Suite 1020

Washington, DC 20005,
202-347-2900
Neil Ward

13. Hope Gaines
609-884-6119

14, Natlonal Paper Trade Assn.

111 Great Neck; NY 11021
516-829-3070

WOVEN SHOP TOWEL COMPANIES

1. Doran Textile o
Chris Hancock
1-800-753-9956

2. . Inman Mills

1133 Avenue of America 33rd Floor
New York, NY 10036

-James Millar

212—704-0_906

3. Johnston Industry
108 Thirteenth Strest
Columbus, GA 31901
706-641-3140
William Henry

4. » Kleen-Tex

LaGrange, GA
706-282-8134
‘Mickey McCard

5. Miliiken & Company
1201 4th Ave
LaGrange, GA 30240
706-880-5922
Jon Willlamson - Customer Service
Technical Manager

A-2

10.

11.

12.

Wellington Sears
800-382-2486
Donald Lauderdale:

Arkwright Mills

P.O. Box 55628

Spartanburg, SC 29304-5628
James Kessler :
803-585-8301.

Aurora Bleachery, Inc.

P.O. Box 70 ‘
Aurora, IL 60507-0070 Lo
Willilam Lucas L
708-892-7651

Avondale Fabrics

119 First Street
P.O. Box 1048
Monroe, GA 30655~
Mickay Lankford
404-267-9411

Bibb Company

100 Galleria Parkway
Suite 1750

Atlanta, GA 30339
Raymond Watts

91 2-752-6770

Cilnton Mils ‘,

600 Academy Street
P.O. Drawer 1215 ;
Clinton, SC 29325-1215
John Cavanagh ' -
212-391-0550

Cone Mills Textile Produci Group
1201 Maple Street ‘
Greensboro, NC 27405-6910
Bud Wills

910-545-3585




13.

14,

15. .

16.

17.

18.

) 19.

Cranston Print Works Company
1381 Cranston Street

Cranston Street

Cranston, Ri 02929-6789

Kevin Federico ‘
212-279-1824

Dundes Mills, Inc.. -
P.O.Box E

Griffin, GA 302240199
Clarence McMerty -
212-840-7200

Fleldcrest Cannon, Inc.
One Lake Circle Drive
Kannapolis, NC 28081
KM. Vaugh :
704-3389-2968

Flint River Textiles, Inc.
P.O.Box 489 -~ (
Albany, GA 31708-0001 ‘
Barbara Webb
912-435-1495

Greenwood Mills, Inc.
P.0.Box 1017 .
Greenwood, SC 29468 -
Willlam H,, _Ortman
212-382-9143

Nisshinbo California, Inc:

2885 South Cherry Ave.
Fresno, CA 893706-5406
Hiroshi lkzuchi
2094866241 - . U -

Springs Industries, lnc
PO.Bax70
205 N. White Street
Fort Mill, SC 29715
John Mcinemey -
803-324-6547

NONWOVEN SHOP TOWEL COMPANIES

1.

ATD American, Co.
133 Greenwood Ave.
Wyncote, PA 12095
215-576-1000

A3

Acardia, Co.
330-T 7th Ave.

~ New York, NY

Theresa
21 2-695-3900

Camegie Textile Co
1736 lvanhoe Road
Cleveland, OH
Karen

216-857-700

Dexter Corp. Nonwovens
2 Elm Street Lo
Windsor Locks, CT 06096
203-623-5339

Car

| dleont Nemours andCo Inc.

1002 Industrial Road ‘
Old Hickory, TN 37138-3633
800-443-7786

Rob Lee

Fbertec-Aqustioﬁ Veraiec :

335 Athena lndustna! Park
Athens, GA

706-549-6561

Bran Curt

Fibertex

PO Box 360
Landisville, NJ 08326
609-697-1600 ,
Dan Fertinnl

Four Star
Mitwaukee, WI
414-353-7788
Rob
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10.

11.

12. .

13.

14,

15.

Hermitage Industries, Inc.

P.O. Box 400

141 S. York Street
Camden, SC 29020
Jay Greene
800-845-1062

Kimberly-Clark
1400 Holcomb Bridge Road
Roswell, GA 30076

800-241-2739 16. Y-Pers o
Mike Donahue Technical Sefvice Tulip and Cheltanham
Representative . : Philadelphia, PA 19124
David \ '

Lym-Tech 800-421-0242
Candy ‘ B

: ) 17. McDowell Industries

_ Scott Towels - 711 Linden Avenue’

Newtown Square Corp. Center E. Memphis, TN 38101

18 Campus Bivd. Ste. 120
Nswicwn Square, PA 19073 - ‘
800-472-6881 R PAPER SHOP TOWEL COMPANIES
Teresa Reeves )

1. Fort Howard Corp.
Tex-Tech Industries, Inc. 1919 8. Broadway
PO Box8 , GreenBay,Wl54304 K
North Momounith, ME 04265 414-435-8821
207-833-4404 Mary |
207-933-9255 (FAX) ‘ ‘ Perry Ceccarelli
‘ (Local representative): 702-594-5258
M Corporation ‘
Shaw-Pittman o 2. James River Corporatlon -
2300 M. Street North West Norwalk, CT 06856-600
Washington, DC 20037 800-243-5384
202-663-8389
Stephanle McQueen 3. Proctor and Gamble - Bounty
o Winton Hill Technical Center
Tietex Corp. o 6100 Center Hill Avenue
PO Box 6218 = ‘ Cincinnati, OH 45224
Spartanburg, SC : Martin Cannon
803-574-0500 : 513-6834-7372
Meg *
4, Scott Paper Company
Viva, Job Squad, and Scott Towel
- ScottPlaza .
£ Phitadelphia, PA 19113
Mike
800-835-7268

A4




RAGS

1. Continental Textiles (Wipeco, Corp)
3024 W. Walnut St.

Mitwaukee, Wi 53208

414-833-1811

Mike

2. Leggett and Platt
330 Industrial Ct. W.
Villa Rica, GA 30180
Ann Roberts 404-459-1531 .
Dan Rowland Nashville 800-888-4136

3. Norman W. Pavchall Company, Inc
PO Box 2100 : “
Peachtree City, GA 30269
404-487-7945
Weston

4. Pesrless Wiping Materials Co
PO Box 33812 . .
Los Angeles, CA 90033-0812 ‘
800-221-8103 | R
213-266-0313 - Nancy
213-268-2755 - Stewart

5. RSM
811 Pressley Road
Charlotte; NC 28231
704-525-6851
Marsha

6. Textile Fibers and By-Products
Charlotte, NC
404-262-2477
Florence

7. ERC Wiping Products !
875 Washington St.
Canton, MA 02021
617-821-6300
Larry Groipen

LAUNDRIES, INKS & SOLVENTS, AND FIBERS

1.

BF Goodrich - ‘
3925 Embassy Pkwy
Akron, OH 44313 "
216-374-2333

_ Brooks

Courtaulds Fibers, Inc.
P.O. Box 141

Axis, AL 36505
205-679-2200

Ann Cranshaw

G & K Services
Twin Cities, MN
Don Hansen
612-521-4771

International Blending Company
50 Industriai Loop North
Orange Park, FL 32073

Paul

800-354-2300

Leef Brothers Laundries
Twin Sites, MN /
Babbitt Crystallery
612-374-3880

ey L gy ey
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